Rn K Ss HS Me 
IA HAE OK HEE Mn PR 
+i #= «8 


JOURNAL 
FACULTY OF SCIENCE 


UNIVERSITY OF TOKYO 


, SECTION 11 
GEOLOGY, MINERALOGY, GEOGRAPHY, GEOPHYSICS 


Vol. X Part II 


TOKYO 
Published by the University 
December 15, 1956 


The “Journat or THE Facutty or Science” is the continuation of 
he “Journat or THE CotLteEcE or Science” published by this University 
in forty-five volumes (1887-1925), and is issued in five sections: 


Section I.—Mathematics, Astronomy, Physics, Chemistry 
- Section II.—Geology, Mineralogy, Geography, Geophysics 

Section ITI. —Botany 

Section IV.—Zoology 

Section V.—Anthropology 


Committee on Publication — . 


Prof. S, Harrori, Dean, ex officio 
Prof. Z. Surruna 

Prof. T. Kopayasut 

Prof. F. Maekawa 

Prof. K. Taxewaxi 


All communications relating to this Journat should be addressed to the 


Dean oF THE Facutty or Science, Untversiry or Toxyo. 


A Contribution to the Geo-Tectonics of North 
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By 
Teiichi KOBAYASHI 


PREFACE 


Various geologic structures, each bearing its own history of tec- 
tonic development, are found in Japan, Korea and Manchuria. Their 
comparison is, therefore, a subject of more than local interest. I have 
published the results of my studies on Japan in 1941 and South Korea 
in 1958. This is the third volume of this series. 

In Korea and South Manchuria there are three folded zones called 
from north to south the Taitzuho, Heinan and Yokusen zones. They 
are separated by the Heihoku and Shantung-Keiki massives. The 
stratigraphic sequences in these zones. are very different from one 
another, but agree in the absence of volcanic material in Palaeozoic 
and older sediments. In contrast, volcanic eruptions took place re- 
peatedly in the Chichibu geosyncline from which the Japanese islands 
developed. The Akiyoshi, Sakawa or Oyashima folded mountains in 
Japan differ from the structures of the folded zones in Koreo-Man- 
churia in that a metamorphosed axis is present in each. 

The anticlines and synclines in the Yokusen zone in South Korea 
have prolonged axes which are nearly parallel to one another and 
have many long thrust lines. Such parallelism is not seen in the 
Heinan-Liaotung or the Taitzuho-Yalu zone. The Heinan-Liaotung 
zone consists of many brachy-anticlines and -synclines and structural 
domes and basins which are disposed in checker pattern. In the 
Liaotung peninsula remarkable differences in the stratigraphic sequence 
and the mode of crustal deformation between the Heinan geosyncline 
and Heihoku massif, on the south and north side of the Yatung bay 
respectively are interesting. From the Taitzuho valley to the Yalu- 
Hunchiang tributaries one can see a great variety of deformation 
which occurred in kratonic and quasikratonic terrains. It is of pri- 
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mary importance to describe these various aspects of geologic struc- 
tures as much as they are known in the Taitzuho-Yalu zone as well 
as the Heinan-Liaotung zone. 

Because different types of structures were produced at one place 
or another by the same disturbance, such differences must be attributed 
to the quality and quantity of sediments and the characters of their 
basement. There are excellent examples of differential movement 
between plastic sediments and a rigid basement. An attempt to 
classify the major and minor structures is presented in the concluding 
chapter. 

Korea and South Manchuria were consolidated almost completely 
by the late Mesozoic invasion of a granitic batholith. Since thus 
oronized, the terrain was anoronized, as discussed in my previous paper 
on the Geology of South Korea. Although little can be mentioned of 
the Tertiary history of these two zones, additional information is 
provided in the introductory chapter as to fragmentation and topo- 
graphic development of the region. 

Following the development of the Chichibu geosyncline, repeated 
orogenic cycles have affected the Japanese islands, yielding folded 
mountains and, at the same time, causing the migration of the geo- 
syncline from the continental side toward the oceanic side. Existing 
mountains were destroyed by later cycles of orogeny. Because the 
destruction of these mountains reveals some similarities with the 
Mesozoic crustal movements in Korea and South Manchuria, they are 
here discussed briefly from the view point of comparative tectonics. 


Since 1926 I have visited the continent many times to make 
geological surveys in the Hualienchai, Niuhsintai, Chinchiachengtzu 
and Wuhutsuei basins in South Manchuria and Ch’osan (Sosan), Kojang 
(Kojo), Kowon (Kogen), Mandal-san (Bantatsusan) and Kyémi-p’o (Ken- 
jiho) areas in North Korea. In addition, I made short trips to the 
Hsiaoshih coalfield, the eastern area of Liaoyang, and Sanshihlipu and 
its vicinities in Liaotung and the Manp’o-jin (Manpochin), Huch’ang 
(Kosho), Ch’angni (Sori), Chunghwa (Chuwa), Sangwon (Shogen), 
Sariwon (Shariin), and Sinmak (Shinmaku) areas in Korea to see 
geological sections or to make fossil collections. These surveys and 
reconnaissances were made chiefly for the purpose of studing the EKo- 
Palaeozoic stratigraphy and palaeontology, but I have paid attention 
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to the tectonic aspects as much as possible. 

In 1941 I had the opportunity to conduct geological surveys in 
the tectonically very important Penhsihu and Wafangtien areas with 
my students. Thus I was able to visit many places of the region. 
Compared with the vast terrain of North Korea and South Manchuria, 
however, the areas I actually have seen are very small in total, 
though they include crucial points. 

There are geological descriptions of many areas, some of which 
go into great detail. I do not hesitate to say that Korea and South 
Manchuria belong to the part of Asia whose geology has been well 
surveyed. Nevertheless, the results, so far achieved in this part of 
the regional geology, have never been schematized from the tectogenetic 
point of view. Such a synthesis must be done by some one and I 
have taken the liberty to do it, insofar as the Heinan geosyncline and 
Taitzuho depression are concerned, because I have seen many places 
on both sides of the Yalu river. Because my field experience is limited, 
I cannot be responsible for many of the facts. However, their evalu- 
ation, interpretation and orientation in this tectonic synthesis are 
made on the basis of my own experience and are my responsibility. 

Thanks to the efforts of many geologists, the stratigraphy of the 
Shogen, Chosen and Heian groups which constitute the folded areas 
are now so well defined that we can see their general picture. Our 
knowledge of the basement complex is also well advanced. Less so 
for the Mesozoic formations, notwithstanding the fact that a knowledge 
of Mesozoic stratigraphy is a prerequisite for the phase-analysis, be- 
cause the Mesozoic was the orogenic era for Eastern Asia, whereas 
the Palaeozoic was the epirogenic era. For this reason I have under- 
taken with several collaborators studies of the non-marine Mesozoic 
formations and fossils in Eastern Asia. After 1941 this project 
advanced rather rapidly, but was suddenly interrupted. I have found 
need for checking some selected Mesozoic areas. However, this is not 
possible for me at present. Fortunately I could refer to many recent 
papers gathered by the Committee for Compilation of Geology and 
Mineral Resources of Eastern Asia in the Geographic Society of Tokyo; 
these papers include results of numerous studies during the second 
Great War which otherwise would have been unrecorded. 

I have endeavoured to collect the existing facts on the regional 
geology, but most of the existing facts are concentrated in certain 
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areas, with an extensive region known to us with much lessened 
accuracy. In this status I must figure out the whole out of its small 
parts. Nevertheless, I hope such a synthesis will have a place among 
the basic works in the geology of Asia. 


Before closing, I must record my most cordial gratitude to the 
late Dr. S. KAWASAKI, the late Dr. B. MURAKAMI, Mr. R. KIMURA, Dr. 
J. TATEIWA, Mr. T. SHIRAKI, Prof. T. SAKAMOTO, Mr. 8. USHIMARU, 
Mr. M. KAWADA and many others who have been in the geological 
surveys and mining or other industrial companies in Korea and Man- 
churia for their assistance and facilities in the field, and to the late 
Prof. B. KOTO, the late Prof. 8S. TOKUNAGA, Prof. H. YABE, the late 
Prof. 5. NAKAMURA, the late Prof. T. KATO, Prof. S. MATSUSHITA, the 
late Mr. Shoen KIN, the late Mr. K. SAITO, the late Mr. M. NAKAMURA 
Mr. M.S. Soo, the late Mr. K. HORIUCHI, the late Mr. J. NONAKA and 
and many friends and students for encouragement, advice or corpora- 
tion shown in the course of this research. I wish to thank here also 
Messrs C. UEKI, S. SUZUKI, T. ICHIKAWA, M. KuUGA and K. SHIMOTORI 
for illustrations and other preparations, to Dr. TATEIWA for making 
lists of Korean localities, Dr. G. CORWIN and Dr. R. C. KEPFERLE for 
editing and Mrs. KOBAYASHI for typing the manuscript. 


April 30, 1956 


Teiichi KOBAYASHI 
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CHAPTER I. Introduction. 


1. Research in Geology of Manchuria. 


In 1869 Ferdinand vON RICHTHOFEN travelled through South Man- 
churia from Yingkou to Moukden by way of Fuchou, Takushan, 
Fenghuangcheng and Penhsihu, and published the result of his obser- 
vations in China, volume 2, 1882. His fossil collections were later 
described by DAMES, KAYSER, SCHENK and FRECH in volumes 4 and 5, 
1883 and 1911. Prior to this, A. P. KROPOTKIN traversed the northern 
part of the Great Khingan range in 1864. In his journey through 
Central Asia, Mongolia and North China, 1892-94, W. A. OBRUSTCHEW 
visited Barga and East Manchuria. From 1896 when he was sent to 
the Far East by the Royal Geographic Society of Russia, E. AHNERT 
devoted his life to the Geology of Central and North Manchuria and 
the maritime province of U.S.8.R. and made valuable contributions 
until his death in 1945. 

By the end of the last century, however, Manchuria was still not 
far removed from ferra incognita geologically. At the beginning 
of this century fossil plants from Manchuria were described by F. 
KRASSER (1905), M.D. ZALESSKY (1905), I. V. PALIBIN (1906) and M. 
YOKOYAMA (1908) and Cambrian Fossils by C.D. WALcoTr (1918). 
Subsequently many papers on Cambrian fossils, Hokang coal field, 
Peipiao coal field and so forth were published by SuN (1928), TAN 
(1924), WoNnG (1927) and others. 

Among Japanese geologists KOCHIBE was the first to be sent to 
Manchuria. He surveyed coal and gold resources in the Liaotung pe- 
ninsula during 1895. Subsequent to the Russo-Japanese War, T. OGAWA 
and some others made geological surveys of the Wuhutsuei, Yentai, 
Fushun and some other mines. It was in 1907 when the Geological 
Institute was established in the South Manchurian Railway Company 
at Dairen. Since then systematic investigations in South Manchuria 
proceeded steadily and the advancement of our knowledge was ac- 
celerated. 

In 1928 two geological institutes were established in the Ryojun 
College of Engineering and Manchurian Teachers’ College and aca- 
demic works were carried out by their staffs. Among them there 
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are R. ENpO’s study on the Cambrian and Ordovician Fossils, MATSU- 
SHITA’s study on the geology. of the Chinchou and Dairen areas, OGURA’S 
study on Wutailienchi and other volcanoes and so on. The geological 
institute of the railway company published the Dairen sheet (1928) 
and several other geological maps (Scale; 1/400,000) and explanatory 
texts for each. In 1931 this institute sent some parties to Central and 
North Manchuria; the results include the geological map of Manchuria 
(1/1,000,000) and 4 volumes of Geology of Manchuria (1987). In 1933 
TOKUNAGA conducted the Manmo Science Expedition to Jehol and the 
results were published in a series in which a report of exploration 
(1988, 34) at Kuhsiangtun near Harbin is included. 

Beside these there are a large number of papers written by pro- 
fessors and their students in the universities in Japan. For example, 
YABE and HAYASAKA’s “Palaeozoic corals” (1915-16), HAYASAKA’s 
“ Brachiopods from Penhsihu” (1922), M. MATSUYAMA’s “ Gravity 
anomaly in Fushun coal-field” (1924), OzAwa’s “Upper Palaeozoic 
fossils ” (1926), S. ENDO’s “Cenozoic fossil plants” (1926-28), KOBA- 
YASHYs “Cambro-Ordovician” (1927-1958), UWATOKO’s “Oil shale of 
Fushun ” (1931), YABE and OISHI’s “ Mesozoic plants” (1985) and so 
forth. OZAKI’s “ Upper Palaeozoic Brachiopods ” and OKADA’s “ Natural 
Na Compounds” belong to the contributions from the Shanghai Science 
Institute which was founded in 1928. 

After 1931 or thereabout surveys exploring the mineral resources 
of Manchuria became very active. In 1987 the Geological Survey was 
transferred from Dairen to Changchung; the Geological Society of 
Manchuria was instituted in 1939. The systematic exploration of 
Kuhsiangtun was undertaken in 19388 and 1989 and several valuable 
works in palaeontology were produced by the staff of the Manchurian 
Central Museum. The knowledge of geology of Central and North 
Manchuria increased very rapidly in some 15 years before the end of 
the Great War II. Gotlandian and other Palaeozoic fossils were 
described by YABE, EGUCHI, NODA and several others; Mesozoic and 
Tertiary coal-bearing formations were clarified considerably by Morita, 
NISIDA and many others; non-marine Mesozoic fossils were studied by 
KOBAYASHI, SUZUKI, TAKAI and a few others; intensive studies were 
made of the Pre-Cambrian Geology by MATSUSHITA, SAITO and some 
others. 


Beside them, there are studies on “Banded iron ore of Anshan” 
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(MURAKAMI, 1922), “Magnesite of Tashihchiao” (NIINOMI, 1923), 
“ Bauxite shales” (SAKAMOTO, 1924), “ Kungchangling iron ore deposit ” 
(TSURU, 1935) and so forth. The other contributions to Economic or 
Applied geology are innumerable, but are here omitted. 

The results of the geological research achieved near the end of 
the war had mostly remained unpublished until a committee in the 
Tokyo Geological Society undertook the project of compiling the Geo- 
logy and Mineral Resources of Eastern Asia. Finally the reader is 
referred to a brief note in my previous paper (1958) for the history 
of research in the geology of Korea. 


2. Outline of the Geology of North Korea and South Manchuria.” 


Between the central plain of Manchuria on the west and the 
Hanka-Suifun plain on the east there is the mountainous land of East 
Manchuria which extends into Korea. The Sinian or the northeast 
trend is predominant in the orography of East Manchuria. Following 
this trend are the Wantashan, Laochangkuang Sueiling and Sahaliang- 
ling ranges, all of which are parallel to the Chohakusan or Chang- 
paishan range and the national boundary which is marked by the 
Touman and Yalu rivers, respectively on the northeast and southwest 
side of Mt. Paektu (Hakuto) or Changpaishan (Chohakusan). 

In North Korea the Kaema (Gaima) plateau on the east side is 
tilted up and cut by a steep scarp on the southeast. In front of its 
middle part there is the Kishu-Meisen or Kilchu-Myonch’6n graben and 
the Shichihosan horst beyond the graben. On the west side of the 
plateau there are several ranges having the Sinian trend. The Genzan- 
Keijo or Wonsan-Seoul rift valley runs across the Korean peninsula 
diagonally. It takes a NNE trend as does the Meisen graben. The 
Taebaeksan (Taihakusan) range is the backbone of the peninsula which 
runs through Central Korea near the Sea of Japan. Its northern 
extension is the Nangim (Rorin) range. This range is parallel to the 
Hakuto volcanic range which runs across the Gaima plateau. 

From the stratigraphic point of view Central and North Manchuria, 
to which the northern part of the east Manchurian mountainous land 
belongs, are quite different from South Manchuria, which in turn is 
intimately related to Korea except for the northeastern part, called 


1) See Text-figures 1-2 in Geology of South Korea, (KoBayAsut, 1953) 
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the Touman area. As discussed elsewhere (KOBAYASHI, 1942), Central 
and North Manchuria was a part of the Mongolian geosyncline where 
the Manmo group had accumulated. The geosyncline was disturbed 
by the Akiyoshi cycle of orogeny in the Permo-Triassic period. During 
the orogeny batholithic invasion of the Mongolian granitic magma 
oronized a major part of the geosyncline. The Triassic and Upper 
Palaeozoic history of this geosyncline is allied to the Chichibu geo- 
syncline of Japan. 


Table I. Two Types of the Stratigraphic Sequences of 
Older Rocks in Koreo-Manchuria. 


; South Manchuria and North | North and Central 
Geological Age Korea. Manchuria 
Triassic Mongolian Batholith 

a, | Greenstone Series 
a 3 ‘ 
Permian ie | Kobosan Series 
—— ———— aS | Jido Series 
Carboniferous = | Koten series Manmo group 
Devonian | 
Gatlandian (Kenjiho Ls. Cg.) | 
— j — ———— | ? a. i ath 
_ Toufangian 
Ordovician o Wolungian 
& Wanwanian 5 
= ——— a 
5 Chaumitian = 
n 
Cambrian & Fuchouan a 
Mantoan § 
: hes LESE & 
- ei Kukenian < 
ge Shidoguan | 
oO7 
A Chokkenian 
Cryptozoic | Kunchangling Granite 
Anshan-Shoushan Series 
Tueimienshan Granite 
Matenrei Group 
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Korea and South Manchuria, on the contrary, occupy the north- 
eastern part of the Koreo-Chinese Heterogen. In the positive elements 
of this Heterogen, the Pre-Cambrian basement is widely exposed. In 
the negative elements are Proterozoic and Palaeozoic formations to 
which a part of the Triassic system is added. In the Hwangho basin 
on the north side of the Tsinglingshan, however, there is a large 
Middle Palaeozoic break in the stratigraphic sequence. 

The tectonic lineament of Korea which I proposed in 1933 needs 
little emendation, but was modified in 1953 so as to include adjacent 
areas. Combined with a part of North Korea, the larger part of 
South Manchuria belongs to the Liao-Gaima land where the ancient 
basement complex is largely bared. On the western side of the land, 
however, it is found that the positive and negative zones are arranged 
alternately from north to south as follows: 


1. Kaiyuan zone of elevation 

2. Tiehling zone of depression 

3. Moukden zone of elevation 

4. Taitzuho zone of depression 

5. Heihoku (Pyéngbuk) zone of elevation 


The elevated zones are bare, but the depressed zones are mantled 
with Palaeozoic and Proterozoic veneers. The Heinan geosyncline 
which extends from North Korea into the Liaotung peninsula is on the 
south side of the fifth zone. This geosyncline is separated from the 
Yokusen geosyncline in South Korea by the Keiki (Kyonggi)-Shantung 
land. 

The ancient basement complex is well developed in the Liao-Gaima 
land where the oldest rocks are the metamorphosed group called the 
Mach’ollyong or Matenrei system by KAWASAKI in 1916. This group 
consists of metamorphic rocks of sedimentary origin, among which the 
carbonates are predominant in the middle part whereas the upper and 
lower parts are composed mostly of terrigenous sediments. As a whole 
they reveal a grand cycle of sedimentation. The group in Manchuria 
was later called Liaoho system by SAITO, 1986. 

This ancient group was strongly disturbed and intruded by the 
Tueimienshan granite. Subsequently it was overlain by the Anshan 
series, including the Shoushan formation, and was then intruded by 
the Kungchangling granite. The basement complex which consists of 
these sedimentary and igneous rocks is overlain by three formations: 
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the Proterozoic Shogen, the Cambro-Ordovician Chosen and the Upper 
Palaeozoic to Lower Triassic Heian group. The first and second groups 
are collectively called the Rakuroan complex. 


Pohai Sea 


Sea of Japan 


Yellow Sea 


Fig. 1. Distribution of the Rakuroan Complex and Heian Group in 
North Korea and South Manchuria. 
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The sequence and thickness of the Shogen group are very different 
in the depressed zones. It is best developed in the Heinan geosyncline 
where it is represented by a grand cycle of sediments, several thousand 


Table II. Four Types of the Stratigraphic Sequences in the Zones 
of Depression in Korea and South Manchuria. 
Tiehling Zone | Taitzuho Zone Heinan Zone Yokusen Zone 


Heian Group Heian Group 
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Chosen Group | Chosen Group Chosen Group 
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16. Takushan, KAI 33. Wiwon, Igen, 7 Jit 
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meters in thickness; the middle and upper parts being often separated 
by a disconformity. The group is, however, totally absent in the 
Yokusen geosyncline of South Korea, although there is an excellent 
display of the Chosen and Heian groups. The middle and upper Shogen 
group is well developed in the Tiehling zone where, however, no 
Palaeozoic formation is present. Therefore it can be said that there 
was a reciprocal relationship between the emergence of the northern- 
most zone and the submergence of the southernmost zone which took 
place at the transition from the Proterozoic to the Palaeozoic era. 

Such a remarkable difference in the distribution ofthe Shogen 
group among these subsiding zones is shown in table II. 

Although the difference in facies and thickness is fairly distinct be- 
tween the axial and peripheral parts of the Yokusen geosyncline, the 
Chosen group is monotonous in most other zones. The group in Korea 
has first been divided into the Yotoku series below and the Great 
Limestone series above. Shale and sandstone are more abundant than 
carbonates in the basal part; the remainder is composed mostly of 
limestone and dolomite. The sequences of the group in the Heinan 
and Taitzuho zones are similar to each other; their average thickness 
is about 1,500 m. 

It is noteworthy that the Chosen group is generally overlain by 
the Heian group para-unconformably in the vast Hwangho basin, even 
though there is such a large stratigraphic break corresponding to the 
prolonged period of emergence from late Ordovician to early Carboni- 
ferous. 

The Heian group in Korea is divided into four series, known by 
the names of the Koten, Jido, Kobosan and Greenstone (or Taishiin) 
series. Its equivalent in South Manchuria is the Taitzuho group which 
is also divisible into four series, called in ascending order the Penchi, 
Huangchi (or Yatung), Lioutang and Tsaichia series. As shown in table 
III, however, it must not be overlooked that the Greenstone series is 
apparently absent in South Manchuria and that the Huangchi and 
Lioutang series are combined into the Jido series in Korea. Marine 
fossils are contained in the Koten and a part of the Jido series in 
Korea and South Manchuria, but not in the Kobosan and later sedi- 
ments. : 

Gotlandian derived fossils in the Older Mesozoic conglomerate 
near Kyomip’o (Kenjiho), North Korea, indicate a local ingression of 
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Table III. Relation between the Heian and Taitzuho Groups. 
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the Gotlandian sea into the Heinan geosyncline. It is also noted here 
that .Devonian type corals are reported from the basal part of the 
Heian group at two localities in the Heinan and Yokusen zones which 
used to be referred to the Koten series. Whether this coralline lime- 
stone is Devonian in age or whether they are relic corals in the 
Moscovian sea remains unsolved. (YABE and SUGIYAMA, 1989), 

The Hwangho basin was not deformed much until the Middle 
Triassic epoch. Therefore the Shogen, Chosen and Heian groups gener- 
ally accumulated in the Hwangho basin or in the Heinan geosyncline, 
the Taitzuho depression or other subsiding basins. This accumulation 
has been with para-unconformable or disconformable relations except 
for a few small spots where angular discordance is reported. This 
long lasting basin was, however, destroyed by the Shorin disturbance. 

Broadly speaking, the Palaeozoic was the epirogenic era whereas 
the Mesozoic was the orogenic one for Eastern Asia. Therefore the 
Mesozoic stratigraphy must be established before the orogenic move- 
ments can be analysed into phases. In proportion to this tectonic 
importance, the stratigraphic study of the Mesozoic is more difficult 
than the Palaeozoic, because late Triassic and later formations were 
deposited in separate basins, each having its own history. Accordingly 
no two basins have the same sequence. Furthermore guide fossils are 
scarce in the non-marine sediments and their facies change horizontally 
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as well as vertically, as usual with orogenic sediments. Therefore 
many ambiguities remain in the Mesozoic stratigraphy of the continent. 
At this time the analysis of the crustal: movements by means of the 
Mesozoic strata, as shown in the table IV, is inevitably tentative. 


Table IV. Mesozoic Formations and Crustal Movements. 


Palaeocene Bukkokuji Igneous Activity 


Upper Cretaceous and Block Movements 


Shiragi Series 


— _|...~-Late Taiho Disturbance-~~~~~ ~| 


Lower Cretaceous Naktong Series 


ae 2 Early Taiho Disturbance ~~~~~~~~' 


Oolite Jehol Series 


= “ _|An,Gishu Disturbance =—2~. 


Rhaeto-Lias and Keuper Daido Series 
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Bunter Greenstone Series 


The Triassic Shorin disturbance was paroxysmal in the Heinan geo- 
syncline. It was, however, probably no more than embryonic folding 
for the Taitzuho‘and Yokusen zones, whereas the late Mesozoic Taiho 
disturbances were strong. The Shorin mountains of the Heinan zone 
were also modified greatly by the Taiho movement. 

The Daido series is distributed widely in Korea and contains a 
copious flora which KAWASAKI (1925) has referred to Lias. But a part 
of the series is now thought to be older than Lias, because of the 
occurrence of some Estherian species common to the Upper Triassic 
Mine series in West Japan. (KOBAYASHI, 1951). Because the series is 
composed of synorogenic or metaorogenic sediments, its precise classi- 
fication is an important subject for a better understanding of the 
Shorin disturbance. 

In Central and South Manchuria plant fossils related to the Daido 
flora are known to occur at Saimaki, Wafangtien and some other 
localities, but Clathropieris which is almost ubiquitous in the Daido 
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localities in Korea, is not found in Manchuria except at Tienshuai- 
fukou. 

The Jehol fauna is known from Uiju (Gishu) near the embouchure 
of the Yalu river whence the Gishu movement was proposed by TAKA- 
HASHI (1950) on the basis of the discordance between this and the Daido 
series. Because of the limited distribution of the Jehol series in Korea 
and adjacent Manchuria, however, it is difficult to distinguish the 
formation of the Gishu phase from the later ones. 

The late Mesozoic Taiho disturbance was strong and extensive in 
HKastern Asia. In South Manchuria it is well marked by discordances 
at the bases of the Honkeiko-Miyanohara formation in the Penhsihu 
coal-field and of the Pulantien formation at the neck of the Liaotung 
peninsula, both containing Plicatounio. In the P’yoéngyang or Heijo 
coal-field there is a distinct discordance at the base of the Taiho series. 
Hence the name Taiho disturbance. The lithology of this series is more 
like the Middle Cretaceous Shiragi than the Lower Cretaceous Naktong 
series of South Korea. In South Korea the Naktong containing Pii- 
calounio, is overlain disconformably by the Shiragi series and the 
latter in turn is overlain disconformably by the Bukkokuji volcanic 
series. Therefore the Taiho disturbance may be split into the pre- 
Naktong or the first Taiho phase and the pre-Shiragi or the second 
Taiho phase. For the Wafangtien and Penhsihu basins the first Taiho 
movement was more important than the second. 

During the Cretaceous period violent volcanic eruptions took place. 
The effusive rocks were mostly andesitic in the earlier stage, and 
liparitic in the later. At the same time as the later effusion in the 
late Cretaceous period there was batholithic invasion of granitic magma 
which was possibly continued till the beginning of the Tertiary. This 
is called the Bukkokuji igneous activity and was intimately related 
to the block movement. In view of the thrusting of the neighbouring 
block upon the Honkeiko or Miyanohara formation, the movement was 
compressive at the beginning, but later became tensional. The magma- 
tic invasion was on a grand scale and, as a result, the terrain was 
completely oronized or consolidated and stabilized. 

Tertiary sediments are very scarce in this region. Therefore it 
is difficult to decipher this part of the history. At Pongsan (Hozan) 
near Sariwon (Shariin), Hwanghae-do (Kokaido), North Korea, there 
is a coal-bearing formation which yielded late Eocene mammals that 


152 T. KOBAYASHI 


Table V. Cainozoic History of Korea and South Manchuria. 


| Salt-Field on Pohai Coast 
SAU E | Peat Deposit; Basalt Cones in Central Manchuria 
| Rakuro and Laiotung Peneplains ‘ 
Diluvium Malan Loess 
Gaima Plateau Basalt 
eS | Rishu and Koneiji Piedmont Planes (Plateau Gravels) 
Fliocene Shichihosan Volcanic Series 
Kankyo Fault System 
Miocene Roppyakusan Plane 
Meisen Series 
Oligocene | Ryudo Basalt 
| Ryudo Series 
Eocene Fushun Series; Hozan Series 
Palaeocene 
Bukkokuji Igneous Group 
Senonian 


are intimately related to the Shara Murun and Irdin Manha faunas 
of Mongolia. (TAKAI, 1989). 

The Palaeogene coal-bearing deposits of Fushun, east of Moukden 
(Fengtien), is a formation more than 1,000m. thick, overlying the 
ancient granitic gneiss and late Mesozoic formations. It may be coeval 
with the Hozan coal-bearing formation or a little younger, because 
the Fushun flora is Oligocene according to FLORIN (1922), but late 
Kocene according to 8. ENDO (1934). The latter opinion is upheld by 
Anostreia manchuriana R. ZANGERI from the oil shale of the series 
which is similar to A. ornata LEIDY from the Eocene of North Ame- 
rica. (IMAIZUMI, 1951). 

The Oligocene Ryudo formation in North Kankyodo is composed 
of coal-bearing sediments in its lower part and alkaline basalt in its 
upper part. It lies on the fairly level surface of the basement which 
consists of the Mach’ollyong or Matenrei metamorphic rocks, ancient 
granitic gneiss and the older Mesozoic formation. It is disconformably 
overlain by the paralic Meisen formation, about 700m. thick. Bunolo- 
phodon annectens and other fossils from the upper part are middle 
Miocene in age. 
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Fig. 2. Kishu-Meisen Graben and Shichihosan Horst. (After TaTErwa). 
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Subsequently the Gaima plateau was tilted causing faulting of the 
Kankyo system in a NE to NNE direction along the southern periphery. 
(TATEIWA and YAMANARI, 1925). As a result, the Kishu-Meisen graben 
and the Shichihosan horst appeared in front of the plateau. It is 
certain that this block movement occurred before the Shichihosan 
volcanic series which is considered Pliocene in age. On the plateau 
there still remains the Roppyakusan plane, which is the unfinished 
or incomplete peneplain of a previous erosion cycle. The front of the 
plateau was strongly dissected by the head-ward erosion of young 
rivers to form a steep scarp. 

As discussed on a former occasion (1953), strong faulting occurred 
in the Taihakusan dislocation zone in Central Korea during the Bukko- 
kuji igneous activity, but the subsequent peneplanation was far ad- 
vanced by the Middle Tertiary period. The Taihakusan backbone 
range was elevated in the middle Neogene in the form of an asym- 
metrical geanticline, as is traceable with the Roppyakusan plane. The 
oldest deposits on the marginal peneplain are upper Miocene. They 
are found at Samch’ok (Sanchoku), Yonghae (Neikai) and Yonil (En- 
nichi). All have boulder conglomerates at their base and at the last 
named locality lie with strong discordance on the Middle Tertiary 
formations. Thus there were two important phases of movements in 
Korea, namely one in late Cretaceous or early Palaeogene time and 
the other in Middle Tertiary or middle Neogene time. 

In Manchuria the Middle and Upper Cretaceous Sungari series, 
which forms the bottom of the central basin, is mostly undeformed, 


154 T. KOBAYASHI 


but is tilted up along the Taheishan range. Behind the range at 
Kangyao and other places there is a spatulate depression where the 
Palaeogene formation overlies the Upper Palaeozoic Chilin formation. 
Granite intrudes it and dips to the other side, forming some undula- 
tions. 

The Palaeogene of Fushun fills a narrow trough along the Hunho 
river, and dips 20 to 80 degrees to the north. It is cut by a strike 
fault or an upthrust in part. The southerly inclined Diluvium near 
Yungantai indicates the recurrence of movement along the same trend 
in the near past. The Palaeogene monocline is thrust from the north- 
west. This disturbance belongs to the Liao system of dislocation from 
which the Sungari and Kangyao formations have suffered. 

The Chinchou fault in the Liaotung peninsula is also parallel to 
the Liao tectonic line which delimits East Manchuria. Its southwestern 
extension is occupied by the I-Wei graben which divides the Shantung 
block into two parts. The Palaeogene Kuanchuang series and older 
formations and rocks in Western Shantung are repeatedly cut by a 
series of step-faults with the downthrow on the southwest side. This 
faulted block is truncated by the I-Wei graben. 

Unless the gravel beds which are overlain by the Gaima plateau 
basalt on the Roppyakusan plane is Pliocene, no sediment of this age 
is present in South Manchuria. During this period of emergence the 
mountainous lands were fringed by piedmont steps called the Rishu 
plane in Korea and the Koneiji plane in Liaotung. 

According to TATEIWA (1925), 83 or more series can be distinguished 
among the Diluvium and later basalts, among which the Gaima basalt 
is the oldest and most widespread. 

Near P’yongyang there is a low peneplain called the Rakuro pene- 
plain, 20 to 50m. above sea-level. Its equivalent at a similar altitude 
in Liaotung is called the Liaotung peneplain or the Hishikwa plane. 
It is dissected by valleys in which peat was deposited during sub- 
sidence. The latest emergence is indicated by salt fields around the 
Liaotung peninsula or the Pohai sea. 


Chapter II. 
The Heinan Orogenic Zone in North Korea. 


1. Introduction. (See Geological Map I). 


I proposed the name “ Heinan geosyncline” for the zone extending 
from P’yOngan-namdo (Heian-nando) and Hwanghae-do (Kokaido) in 
North Korea to the Liaotung peninsula in 1930, because the very 
thick Shogen group distributed in this zone is overlain by the Chosen 
and Heian groups which are also thick. These groups were strongly 
folded and thrust by the Middle Triassic Shorin disturbance. The 
Daido series was subsequently deposited as a lacustrine sediment in 
intermontane basins of this folded zone. Its structure was later great- 
ly modified by the Taiho disturbance at the transition from Jurassic 
to Cretaceous. During the Cretaceous period strong igneous activity 
took place and the Shiragi series, rich in pyroclastic material accumu- 
lated there. The volcanic eruptions were followed by a batholithic 
invasion of granitic magma, through which the zone was well oronized. 
There was block movement near the end of the Cretaceous or the 
beginning of the Tertiary period. During the tranquil Palaeogene 
period, the land was levelled by erosion. In the Middle Tertiary 
period intense block movement occurred. The marginal peneplain 
called Rakuro is a product of later erosion. 


a. Tectonic Lineament. 


In North Korea the Heinan folded zone is delimited by the Ch’ong- 
ch’ongang (Seisenko) river on the north and the Kaishu-Tetsugen 
(Haeju)-(Ch’dl won) line on the south. The Heihoku massif lies to the 
north and Keiki massif to the south. The zone is divided into two 
parts by a basement ridge which wedges to the ENE through Ich’on 
(Isen) and T’ongch’dn (Tsusen), the principal part being on the north- 
west side. On the other side there is a narrow auxiliary part through 
Kiimch’on (Kinsen) and Kimhua (Kinkwa). The Shogen group forms 
a broad syncline in the Kinkwa-Kinjo (Kimsong) area with the axis 
trending ENE (TAKAHASHI, 1955). The principal part is a subquadrate 


156 T. KOBAYASHI 


4 

ee +++ + ot 

() ZO i EO 60OkKM Mal + 4+ 4s ee eee 
1065+ fee ws 


Fig. 3. Tectonic Division of the Heinan Orogenic Zone in North Korea. 
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basin which is called the “ Daidoko basin”. It is separated by the 
Angaku (Annak) fault from the Shinsen (Sinch’dn) tilted block to which 
the Choen (Changyin) folded zone of the Shogen group is added to the 
west. The Heigen (P’yOngwoin) block exists north of this block. 

The Daidoko basin consists of disturbed belts and folds with short 
axes. The basement domes of Yongddk (Yotoku) and Chiingbongsan 
(Sohosan) are aligned with the Shinsen block and the Heifusan 
(Pyongp’ung-san) projectile in a line nearly parallel to the basement 
ridge of T’ongch’on (Tsusen) and Ich’dn (Isen). 

The distribution of the Heian group indicates the sites of brachy- 
synclines. More precisely, a few patches of the group, to the east of 
the Yotoku dome, form the Kogen or Kowén coal-field. On the north- 
west side of the dome is the north Heian-nando coal-field where the 
group forms a triaxial structural basin. Near P’ydngyang the Koto 
(Kangtong) and Kosai (Kangs6) coal-fields of P’yOngyang lie on the east 
and west side respectively of the Taedonggang (Daidoko) river. The 
Koshu (Hwangju) basin which lacks the Heian group is further south. 
All of these basins have equatorial axes. The Seisen (Songch’dn) 
disturbed belt is found between the P’yonygang and north Heian-nando 
basins. The Chuwa (Chunghwa) belt is found between the P’yongyang 
and Koshu basins. South of the last basin is the broad Saineiko dis- 
turbed belt, which branches off into two wings in the east by the 
insertion of the Isen-Tsusen ridge. These disturbed belts are anticli- 
noria which are in some way, however, strongly deformed. They are 
distributed alternately with the structural basins. It is the general 
tendency for calcareous rocks of the disturbed belts to be deformed 
more than the coarse clastics of the coal basins. The Rinson shale, 
Junsen clayslate or the like often serves as a lubricant in tangential 
displacement, like the Rome and Conasauga formations in the southern 
Appalachian mountains. 


M. Hosan (#%|1}) Group 3. P’yongyang, Heijo, PE 

N,-», Saineiko (#h@:yr) Disturbed Zone 4. Kyodmip’o, Kenjiho, 4 — ji 

O. Angaku (44;) Fault 5. Wonsan, Genzan, 7c |L 

P. Shinsen (fmJI|) Block 6. Kiimgang-san, Kongozan, 4=}ill| L 
Q. Choen ({ziji|) Disturbed Zone 7. Ch’dlw6n, Tetsugen, fit 

R,-2, Kinsen-Kinkwa (4=]||-4:{) Syncline 8. Sariw6n, Shariin, y>/f he 

1. Ch’ongch’6n-gang, Seisenko, yay) IVE 9. Haeju, Kaishu, 3] 

2. Kaech’6n, Kaisen, fjy)I| 10. Ky6dngsong, Keijo, 3thi%, Seoul 
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In the eastern part of the Daidoko basin the rocks are largely 
metamorphosed. The Shogen group is wider there than in the west. 
The Chosen group is almost unfossiliferous except for the Kogen 
(Kowon) and Bunsen (Munch’dn) coal-fields where some fossils occur in 
Ordovician limestones as well as in the Heian rocks (KODAIRA, 1930). 
Much still remains to be studied on the geology of this part. 

In marked contrast with this, the geological survey is well ad- 
vanced and the structure is known in great detail in the western part 
along the Seoul (Keijo)-Sintiju (Shingishu) railway line. There the 
Daidoko basin measures about 200km. from north to south. In the 
northern 50 km. or so is the northern basin of the Heian group, which 
is surrounded by belts of the Chosen and Shogen groups. The Seisen 
belt is a complicated anticlinorium, with the Shogen group in the core 
and the Chosen group on the two wings. The P’yOngyang or Heijo coal- 
fields mark the median synclinorium of the Heian group. The southern 
70 km. called the Sainei belt is composed chiefly of the Shogen group. 
This section of the Daidoko basin can be divided in a broad manner 
into the following three parts: 


1. The northern part, composed of the Shogen, Chosen and Heian groups; many 

thrusts toward the south or southwest in the Seisen belt. 

2. The median part, composed mostly of the Chosen and Heian groups; many thrusts 

toward the north in the Chuwa belt. 

3. The southern part, composed of the Shogen group. 

The boundaries of the parts are not sharp. The Koto thrust is tak- 
en here as the boundary between the northern and median parts. The 
median part is most sunken. The thrusts in the Seisen and Chuwa belts 
are directed toward the synclinal axes of the P’ydngyang coal-fields. 
With regard to the Seisen anticlinorium the north Heian-nando coal- 
field may be called a hinter basin. The southern part, devoid of the 
Chosen and Heian groups, is the most elevated. The Choen disturbed 
belt represents its western extension. Tilted up along the Angaku 
fault, the sedimentary blanket was taken off and the basement exposed 
widely in the Shinsen block. The Heigen block, on the other hand, 
is a dome elevated reciprocally to the subsidence of the northern coal- 
basin. The Shogen group still remains on some isles and the coast of 
the west Chosen bay. (TAKAHASHI, 1952). 
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b. Crustal Movements. 


The folded structure of the Daidoko basin has first been thought 
a product of the late Mesozoic Taiho disturbance. I emphasized the 
great importance of the Shorin disturbance in 1980 when I discovered 
a remarkable clino-unconformity between the Ordovician and Daido 
formations at Songnim-ni (Shorin-ri), Kydmi-p’o (Kenjiho) at the north- 
west side of the Koshu basin. Subsequently Horiucu! also found a 
clino-unconformity at the base of the Jurassic formation at Wafang- 
tien at the neck of the Liaotung peninsula which belongs to the same 
zone of folded mountains. Still later KOBATAKE and others found 
several examples of the pre-Daido clino-unconformity in the Heijo 
coal-field. Thus MATSUSHITA, KOBATAKE and IKEBE (1952) referred the 


Fig. 4. Clino-Unconformity of the Shorin Phase in the West P’y6ngyang Coal-Field. 
(After Matsusuira, KoBATAKE and IKEBE). 
D. Daido Series 1. Songui-ni, Seikiri, PU#j!f 
H. Heian Group » 2. Anjong-ni, Anseiri, 4ig? fl 
3. Songhak-san, Shokakusan, #51 


principal folding and thrusting of the coal-field to the Shorin  dis- 
turbance. They concluded further that the already folded terrain was 
secondarily deformed by reverse faulting and sliding in the Taiho 
disturbance. 

The early Mesozoic Shorin disturbance was an important phase of 
crustal deformation through which the Heian geosyncline became folded 
mountains. The Daido series is made up of orogenic sediments deposited 
in intermontane basins. It is distributed most extensively from 
P’yongyang to the western coal-field of this town. In addition, a patch 
of the series is found on the northwestern side of the Koshu basin. Its 
age is determinable on the basis of contained plants, Molluscans and 
Estherians. East of Sinmak near the bifuraction of the Sainei disturbed 
belt, there is the so-called Hosan formation of unknown age. Judging 
from the clino-unconformity at its base, the lack of volcanic material 
in it and its equatorial axis of folding, this formation most probably 
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belongs to the Daido series (KOBAYASHI, 1980). On the northwest side 
of the northern coal-basin there is a small Mesozoic area which extends 
along the south bank of the Ch’ongch’dn-gang. Other patches of a 
Mesozoic formation are found on both sides near the mouth of this 
river. They, however, are not well surveyed. 

Subsequent to the Taiho disturbance strong volcanic eruptions took 
place. The Shiragi series is a sediment of this age. It is extensive 
in the lower Ch’aeryong-gang (Saineiko) valley and the western coal- 
field of P’ydngyang and yields early Cretaceous plants in rare instances. 
Cut by a meridional fault, the red formation of P’yodngsan (Heizan), 
800 to 900m. thick, forms a half basin along the Yesong-gang (Reisei- 
ko) river. It consists of tuff and conglomerate and is separated into 
the lower and upper parts by a middle tuffaceous shale and mudstone. 
This red formation is considered a member of the Shiragi series 
(TAKAHASHI, 1955). The Pongsan or Hozan coal-field to the east of 
Sariwon is a small basin in the Shogen terrain where early Hocene 
Mammalian remains were discovered (TAKAI, 1989). At the mouth of 
the Ch’ongch’on-gang on the south bank there is the so-called Anshu 
formation which may be Palaeogene in age (HATAI, 1952). The Shiragi 
series in the lower Ch’aeryong-gang is cut by the Angaku fault. This 
fault extends in a straight line from the vicinity of Haeju (Kaishu) 
to the north northwest for about 100 km. as far as Kydmi-p’o and then 
shifts a little to the east in the north of this town. The Hozan 
Palaeogene is cut by this fault system (MATSUSHITA, ONOYAMA and 
MAEJIMA, 19385). Therefore it is certain that dislocation has recurred 
in this fault system due to the Middle Tertiary disturbance. The 
Genzan (Wo6nsan)-Seoul rift valley cuts obliquely across the basement 
ridge of T’ongch’on (Tsusen) and Ich’dn (Isen) and the southern wing 
of Kumch’on (Kinsen) and Kimhwa (Kinkwa). Basalt effused during 
the Pleistocene in this valley and also in the valley of the Yesong- 
gang (Reiseiko) which flows 60 to 70 km. west of the rift valley. At 
these NNE tectonic lines the eastern block is shifted repeatedly to 
the south. The late Mesozoic batholith is exposed extensively near 
the rift valley, but exposures are limited to small areas within the 
Daidoko basin. A granite mass of moderate size is found in the Yotoku 
(Yangdok) area. Patches of smaller exposures are in parallel arrange- 
ment 10 or 20km. west of the Yesdng-gang valley. Farther west a 
large granite mass is found to penetrate the Choen folded belt as well 
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as the basement complex of the Shinsen block. This granitic mass is 
elongated in a NW direction. The acidic rocks which are distributed 
from Kaech’dn (Kaisen) to P’ydnggang (Heiko) through the Yotoku 
area run parallel to the preceding. 


ec. Stratigraphic Sequence. 


Little is known of the basement complex. MATSUSHITA’s Keirin 
system (1941) in the southern area is composed of mica-schist, quartzite 
or quartz-schist, and a small amount of lenticular limestone. It is 
intruded by the Kokulian granite. Similar rocks are found in other 
places also. The extensive display of paragneiss and orthogneiss and 
the minor inclusions of carbonate rocks are two characteristics of the 
basement complex. 


Northern Middle Part Southern 
Greenstone 0 
Series 700-1500 
1500 
Shidogu Series 2200-2400 
4000 
Chokken Series 
8000 


Fig. 5. Variation of Thickness of the Sediments in the Heinan 
Geosyncline in North Korea. Number: Thickness in m. 


1. Kaech’6n, {+)I| 2. SOngch’dn, pAYIII 3. P’yOngyang, YEE 
4. Hwangju, #7) 5. Sariwon, Y>iaKe 6. Haiju, ¥E))] 


The Shogen group consists of the following three parts in ascend- 
ing order: (1) the Chokken series, which is chiefly composed of quart- 
zite and shale, (2) the Shidogu series, which contains limestone and 
dolomite as principal components and slate and phyllite as accessories, 
and (8) the Kuken series, which consists of quartzite, slate and phyllite. 
The total thickness of the three series attains 7,700 m. in Hwanghae- 
do. The Shogen group, however, becomes thinner in the median and 
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northern parts where it measures 1,200 to 1,800 m. in thickness. 

The Chosen group measures 1,500 to 2,000 m. in thickness. The 
middle and upper parts consist of calcareous rocks, and have been 
called “the Great Limestone Series”. Shaly rocks are the leading 
- members in the Rinson shale and the lower part of the group called 
the Yotoku series. d 

The Heian group is divisible into the Koten, Jido and Kobosan 
series in addition to the top division which is called the Greenstone 
series or the Taishiin series. Hornstone and limestone are inserted 
only in the Koten series and in the lower Jido. The remainder is 
composed of sandstones and shales. Their total thickness ranges from 
1,500 to 2,600 m. 

The Chosen and Heian groups are separated by a para-uncon- 
formity indicating the stratigraphic break from late Ordovician to 
early Carboniferous. At the base of the Daido series near Kydmi-p’o 
(Kenjiho), however, a limestone conglomerate containing abundant 
Gotlandian limestone (SHIMIZU, OZAKI and OBATA, 1984) suggests a 
local ingression of the Gotlandian sea which was invited by the em- 
bryonic folding of the Koshu basin (KOBAYASHI, 1951). Devonian types 
of corals are reported at Ch’dnsodng-ni (Tenseiri) near Sdngch’dn (Seisen) 
(YABE and SUGIYAMA, 19389), although the existence of any Devonian 
formation is not yet proven stratigraphically. 

The Daido series which overlies the Shogen, Chosen or Heian 
group in clino-unconformity, is lacustrine sediments in which facies and 
thickness vary greatly. Ammonites and a few other marine shells 
were- once reported to occur in it (TOKUNAGA, 19381), but their source 
is doubtful. It is an orogenic sediment attaining a thickness of more 
than 1,300 m. and is estimated to be about 1,500m. thick north of 
Kyomi-p’o. It is thrust locally, but not much disturbed on a whole. 
There is a remarkable limestone conglomerate at the base of the Hosan 
formation and the subjacent Shogen group is the source of the material. 

The Shiragi series is a red formation rich in andesitic lavas and 
tuffs. Its thickness is about 2,000m. in the western coal-field of 
Pyongyang and more than 2,450 m. in the Chaerydng-gang (Saineiko) 
valley. The Hozan formation is an Eocene sediment of about 350 
meters’ thickness in a small basin. The once reported occurrence of 
marine shells in this formation (TOKUNAGA in KOBAYASHI, 1981) was 
found later to be erroneous. There are small basing north of Kumegang- 
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san (Kongozan) which yield Middle Tertiary plants. They are located 
on the basement ridge of T’ongch’6n-Ich’On (Tsusen-Isen). 


2. Kaech’6n-Tokch’o6n (Kaisen-Tokusen) Area. 


The description given here is based chiefly on the geological map 
of the anthracitic coal-field of north Heian-nando, (KODAIRA and SHIRA- 
KI, 1927) and a study of the Ordovician formation surrounding this 
coal-basin and a reconnaissance from the Naech’ang (Naiso) area to 
the Sunch’6n (Junsen) area by myself (1927-30). 

The Heian group forms here a triaxial synclinorium, about 25 km. 
meridionally as well as equatorially. The three main axes strike 
from east to west; the middle one is the longest. This structural basin 
is surrounded by an Ordovician formation, 400 to 500m. thick. The 
Taedong-gang gorge penetrates the saddle between the middle and 
southern brachysynclines, crosses the eastern part of the middle syn- 
cline at right angles and then trends northward. From Tokch’én 
(Tokusen) to Yongwon (Neien) one can see a good display of the 
Chosen and Shogen groups. At Samsang-dong (Sanshodo), 18 km. north- 
east of Tokch’on, there is a Cryptozoon limestone at the base of the 
Ordovician formation. South of this boundary the great limestone 
formation which belongs mostly to the Ordovician repeats anticlines 
and synclines having equatorial axes or axes trending slightly north 
of east. 

The Heigen massif is on the southwest side of the basin. . It is 
composed chiefly of paragneiss and is covered by basal quartzite of 
the Shogen group. Above the quartzite there is a thick formation of 
mica-schist, slate and clayslate. This is overlain by another formation 
of greater thickness which is composed of well bedded and massive 
limestones and dolomites. These formations evidently belong to both 
the Shogen and Chosen groups. It is not easy, however, to draw the 
boundary between the two groups, because of their metamorphism and 
the absence of key beds except in the uppermost part where Ordovician 
fossils occur. 

On the west side of the basin the Rakuroan complex strikes almost 
meridionally and dips toward the east. There are, however, several 
faults in WNW or ENE direction through which its base is dislocated. 
Cut by meridional faults or thrusts, the basal clastic rocks of the 
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Shogen group are repeated at some places. Several NW or NE faults 
are found in the limestone and dolomite terrain. Some other faults 
are found within the basin of the Heian group, most faults being on 
its northern side. 

Near the Ch’ongch’dn-gang (Seisenko) there is a narrow strip of 
Mesozoic rocks along the river. Their exact age has not yet been 
determined. This formation forms a monocline with a NW dip and 
is cut by faults at right angles. Its northwestern margin is marked 
by a fault trending slightly north of east. The west side of the basin 
is intruded by the granite by which iron ore was deposited at Kaech’on 
or Kaisen. 

On the south side of the basin the Koten and Jido series are 
thrust upon the Ordovician. At Solbong (Shoho) southeast of Tokch’6on 
the lower Heian group is slipped over the Cambro-Ordovician limestone 
formation at the eastern end of the middle syncline. Such horizontal 
displacements are seen more commonly in the Seisen (Sdngch’6n) area. 


3. Songch’on-Sunch’6n (Seisen-Junsen) Area. 


The geologic structure of this area is discussed here chiefly on 
the basis of TATEIWA’s survey of four sheet maps (1931). It is a 
disturbed belt of the Rakuroan complex between the above mentioned 
basin and another of the eastern P’yongyang basin both of which are 
composed of the Heian group. Broadly speaking, it is an anticlinorium 
striking from NW to SE through Sodngch’6n, the axis being indicated 
by distribution of the Shogen group. Resisted by the Yotoku (Yangdok) 
massif, however, the folding of its northern wing is strongly disturbed. 
On the west side resistance of the Heigen massif produced the Ahari 
(Ap’ari) thrust. 

As noted already, there are several thrusts near the southern 
margin of the northern basin. The longest of them is the Reiyari 
(Yongdaeri) thrust, which consists of two arcs. Cut by a fault, the 
eastern arc terminates at the distance of 6km. from the node, but 
the western one extends for more than 85km. in describing an outer 
circle of the basin. The Rinson shale or Junsen clayslate is quite liable 
to be displaced along its boundary plane along with the superjacent 
or subjacent limestone. Due to this habit the imbricated arc of Sin- 
ch’ang (Shinso) was produced in front of the Reiyari thrust. Likewise 
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Table VI. Stratigraphic Sequence of The Songch’dn-Sunch’on 
(Seisen-Junsen) Area. (After TATEIWA). 


Greenstone Series +300 m. 

f Kobosan Series 500 m. 
Heian Group 

Jido Series —100 m. 

Koten Series —300 m. 


Great Limestone Series —1, 500 m. 

Chosen Group 
Rinson Shale —80m. 
. ee unseen Clayslate 2 ee +1, 000 m. 
Yotoku Quartzite —200 m. 
Shogen Group | Shidogu Series —2,100 m. 
Chokken Series 700 m. 


Ancient Gneiss and Schists 


another imbricated arc of Soha-ri (Shokari) was brought about east 
of the Shinso arc. Farther east the Inzan limestone which occupies 
the major part of the lower Great Limestone series is slipped upon 
the Junsen clayslate along a long tectonic line of Sado-san (Shidosan). 
This already belongs to the northern wing of the Seisen isoclinal 
anticline of the Shogen group. The wing comprises the gentle struc- 
tural basin of Hyangp’ung-san or Kofusan in the east and a gentle 
anticline on its northeast side, but is cut by the Chorin (Changnim) 
fault with the downthrow on the north side. The pre-Shogen base- 
ment is exposed on its south side. 

On the east side of the Kofusan basin is the dome of Puodm or 
Fugan with the Yotoku quartzite at its center and the small Reidaisan 
(Yongtae-san) basin on its east side. The Shogen group dips to the 
west as far as the Yotoku dome and slips up to the east along the 
base of the Shidogu series. 

The Shogen group along the axis of the large Seisen anticlinorium 
and the lower Chosen group on its southern wing repeat isoclinal 
foldings with the northeast dip. The upper Chosen group thrusts up 
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Fig. 6. Two Profiles of the Séngch’6n or Seisen Disturbed Belt. (After TATEIWA). 
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along the Ahari thrust, cutting the above anticlinorium obliquely. 
Running through the axial zone is the Madenrei (Majollyong) fault 
which is a strike fault with downthrow on the south side. The Chorin 
fault which is parallel to the Madenrei fault cuts a subordinate axis of 
the northern fold. The Kofusan basin and Fugan dome which are 
located between the two faults are destroyed by faults in the E to 
W as well as WNW direction. In the eastern part of the area there 
is a fault system having meridional and submeridional trends. The 
Sakkinri (Sakktim-ni) and Kaiganzan (Hoedm-sam) faults are two of 
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prime importance. These two systems of faults cut each other but 
more commonly it is seen that the meridional ones are cut by the 
others. 

The granite mass of Kuryong-myén (Kyuryumen) in the south- 
eastern part of the area is elongated meridionally. It is an intrusive 
mass younger than these faults. The granite mass of S’unga-san 
or Sugasan in the west is cut by faults and is surrounded by a broad 
contact aureole. 

There is no Mesozoic or Tertiary formation in this area. Because 
of the lack of the Daido series it is difficult to break down the tectonic 
development into the Shorin and Taiho phases. It is evident, however, 
that the most important element is the principal Seisen anticline ac- 
companied by the auxiliary Chorin anticline. They diverge easterly 
by the insertion of the Yotoku block. While basins and domes were 
brought about between the two anticlines, the zone between the auxi- 
liary axis and the northern basin was strongly disturbed forming the 
imbrication. Sliding is also very common there. These horizontal 
dislocations have occurred as a rule between a limestone and clayslate 
bed or within a clayslate or shale bed. The imbricated arcs of Sin- 
ch’ang (Shinso) and Sohari (Shokari) are deformed anticlinoria of the 
Inzan limestone. On the southern margin the limestone slips up on 
the gentle dome of Sado-san (Shidosan). 

The Seisen and Chorin anticlines, gentle folds on the sides of the 
latter, brachyanticline in the farther north and the gentle foldes near 
the Yotoku block must all be primary tectonic elements. With increase 
of lateral compression, these embryonic folds developed into the Seisen 
isoclinal anticlinorium or the imbrication north of the Shidosan basin. 
The compression was, however, released by the Shidosan sliding. This 
folded zone is slipped up en bloc easterly along the Bekkinri (Py6lgun- 
ni) line. Caused by the compression between the Heigen and Yotoku 
blocks, this sliding presumably appeared in the latter part of the 
crustal deformation almost simultaneously with the Ahari thrusting 
which may be referred to the Taiho rather than the Shorin phase. 

After the Seisen belt had been strongly disturbed, block movements 
occurred. The meridional or submeridional faults common in the 
eastern part are mostly older than the equatorial ones. Later granitic 
magma intruded into this terrain. Some of the faults, however, are 
probably still later. 
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4. Pyongyang (Heijo) Coal-Field. (See Profile Va). 


A long history of research is attached to this coal-field. At the 
beginning NISHIWADA (1898), FUKUCHI and SuGIMOTO (1905), Ik (1906), 
YOKOYAMA (1906), KOCHIBE (1908) and others made contributions to 
the geology of the coal-field. The stratigraphy of the coal-bearing 
formations was later clarified in great detail by TOKUNAGA (1919), 
YABE (1919), KIKKAWA (1925) and so forth. The Ordovician formation 
below the coal-bearing was classified by KOBAYASHI (1930, 31). Prior 
to this NAKAMURA (1918) and KONNO (1928) respectively pointed out 
the significance of the Jido and Taiho thrust. Since 19384 NAKAMURA 
conducted a research project on the complicated structure of the coal- 
field and its surroundings in collaboration with his students. The 
geology of the coal-field was compiled by MATSUSHITA (19388), and lately 
the whole results of the research were summarized by MATSUSHITA, 
KOBATAKE and IKEBE (1952). 


Table VII. Stratigraphic Sequence of the P’yongyang (Heijo) Coal- 
Field. (After MATSUSHITA, KOBATAKE and IKEBE). 


Bukkokuji Series 
pe oSaSause- 2 Intrusive Contact, <s22=<- ee es 
Taiho Series 2,000 m. 
See ee at Discordance == 5s aa ee ——<—— 
Daido Series | 1,300 m. 
oa 2-55 =55--- == 8 Discordanc@=<sss< = =e ee -_—— -| 
’ Taishiin Series | 650 m. 
Heian Kobosan Series 300— 500m. 
Group | Jido Series 150— 300m. | 
| Koten Series 250— 300m. 
proqmeosceeweeeeee Discordance =---2-ee-e= sean aren 1 | 
Chosen Group 1,420 m. | 
See ee Discordanc@ss— 2232 s=e eee eee 
Kuken Series 10— 200m. | 
Shogen | Discordance t<2=2-=e-geeeeee et eee cape 2 | 
Group | 
Middle and Lower Parts 1, 060—1, 700 m. 
Boe eee DiscordantCe.-<222 525s. ee |e 
Kokulian Granite 
eee Intrusive Contact an anen own nce nanan = 
Keirin Group | 
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The coal-field is divided into the eastern and western parts by the 
synclinal basin of the Daido series which extends to the northeast 
from P’yongyang city as far as Taesdng-san (Taiseizan). The western, 
or the Kosai coal-field is located south of ‘the Heigen block. Its gneiss 
complex thrusts itself upon the Kuken series on the southeast side 
along the Kinsai (Ktimche) thrust. This thrust plane is steeply slanted 
toward the northwest. The paragneiss of the complex, however, forms 
a low hill or Ch’e-bong (Taibo), west of P’yOngyang and is thrust upon 
the Daido series. Two small Klippen are found at Todu-san (Totosan) 
and its vicinity to lie on the series beyond the thrust front. According 
to MATSUSHITA (1988), this thrust together with the Klippen reveals 
the Sirin of the Kinsai Decke. Interrupted by a porphyrite mass 
which was intruded into the Decke, one cannot trace the outline of the 
Decke from the Stirn to the Wurzel continuously, but the Kinsai Decke 
was transported for about 15km. toward the southeast, assuming this 
interpretation to be correct. 


Fig. 7. Profile of the Western Part of the West P’Oyngyang Coal-Field. 
(After MATSUSHITA). 


Porphyrite Gn. Gneiss. 

Daido Series a. Kinsai (4%) Thrust 

Heian Group b. Fenster at Taeryong-dong, Taireido, KAsilil 
Great Limestone Series c. Taiho (XK) Thrust 

Yotoku Series d. Ryusei (jjé}-) Thrust 

Kuken Series e. Bukakusan (4f|1)) Fault 
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Beneath the Kinsai Decke there is the Taiho Decke which consists 
of the Kuken series, the Chosen and Heian groups. They form a syn- 
clinal basin and thrust themselves upon the Daido series on the south- 
east side. Because the thrusting plane of the Taiho Decke is sub- 
horizontal in the main, its Séirn is considerably protruded to the 
southeast in Tongjin-myon (Toshinmen) and Taebo-myon (Taihomen). 
On its rear side the underlying Daido series is exposed at three small 
Fenstern. 

At Kambuk-san (Kanpokusan), north of P’yongyang, the Heian 
group, which is capped by the Daido series at Ami-san (Gabisan), is 
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thrust upon the Daido series on the south side and is thrust by the 
Heian group on the north. The Kuken series is sliced and shut in along 
the latter thrust line. These thrusting sheets are considered to belong 
to the Taiho Decke, although this part is separated from the main mass 
of the Decke by the intrusion of porphyrite. 

South of Kambuk-san there is the gentle synclinal basin of the 
Daido series where lies the P’ydngyang city, but it is thrust by the 
Koten series from the southeast side. This is called the Giyo thrust, 
because it is traceable from Taesdng-san to Kiyang (Giyo). Beyond 
the last locality, it is considered by NAKAMURA to be bent up abruptly 
toward the north, although the bending point is cut off by the Bukaku- 
san (Muhak-san) fault. This northern section has formerly been called 
the Ryusei (Yongjong) thrust, where the Daido series was thrust on 
the Kuken or lower Chosen group. The amount of the displacement, 
however, is a question. Because the Daido is incorporated with the 
Ryusei, Taiho and Kinsai dislocations, it is quite evident that they are 
products of the Taiho disturbance. All of them are cut by the Bukaku- 
san fault which marks the western border of the west P’yongyang 
coal-field. . . 

On the southeast side of the Giyo thrust is the Jido thrust along 
which the Chuwa series and the higher formations on the southeast 
side thrust themselves upon the Koten and Jido series on the other 
(SAKAKURA, 1936). In front of the Jido thrust is the Taiseiri thrust. 
Near Taesdng-ni (Taiseiri) it is marked by the boundary thrust of the 
eastern P’yOngyang coal basin which runs between the Koten and Jido 
series. On its south side the Koten and Ordovician formations are 
repeatedly folded. Farther south the Ordovician formation around 
Mandal-san (Bantatsusan) is cut by the Jido thrust and a subordinate 
thrust termed post-Jido (KOBAYASHI, 1980). 

Hast of Mt. Mandal the Jido thrust outlines the Koreizan (Koyong- 
san) Decke which is composed of the middle and upper Shogen and 
Chosen group. The Taiseiri thrust, on the other hand, becomes a low 
angle thrust to the east where it is called Tokusan thrust by IKEBE 
(1987). According to him the Tokusan (Tdksan) Decke which consists of 
the Koten and older formation, has ridden over the Jido and younger 
formations toward the northeast. Because of its tangential displace- 
ment, the thrust line reveals a peculiar meander. There are several 
Klippen, Fenstern and Halbfenstern. A further complication is made 


A Contribntiou to the Geo-Tectonics of North Korea and South Manchuria 171 


— al is 
HERES s 
Lal ee alee es 


[> 
EEE 
iia a 


Fig. 8. Tectonic Map of the Samdiing (Santo) Area. (After IKEBE). 


I. Koreizan (—#2\)) Decke b. 
Il. Tokusan (#\1)) Decke Ci 
III. Parautochthonous Coal-Basin d. 
IV. Autochthonous Sediments e 
V. Sohosan (#{|1)) Basement Dome f 


a. Suinyu (7kA) Thrust g. 


Santo (=¥*) Graben 
Suisenri (7k)I|/4) Thrust 
Daitatsuri (X22) Thrust 
Shinmado (-@iji(#2) Thrust 
Koteizan (j442{1)) Thrust 
Shogen (jt) Thrust 


See Geol. Map and Profile Va for the Profiles A and B. 


by the development of the Decke into three or four Teildecken. 
The basement of the Tokusan Decke is also parautochthonous in 
this part of the coal-basin. Namely, the Koten series and upper Chosen 
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group have ridden upon the middle and lower Chosen group along 
the Suinyu tectohic line on the northeastern border of the basin. It 
is thought to continue to the Koteizan (Kojéngsan) tectonic line in the 
south of Samdiing (Santo), but there are two or more subordinate 
dislocations behind the Koteizan line. 

The Suinyu line is traceable as far as Kangtong (Koto). On the 
south side of Kangtong there are several dislocation lines along which 
sliding has taken place within the Koten series. At Hyongje-san 
(Keiteizan) in the northwest, the Koten series thrusts upon the Jido 
on the south side. 

If the tectonic complication near Samdiing is ignored, the Heian 
group in the east P’yongyang coal-field is rather simple. It forms a 
subtriangular basin, but it is polyaxial, taking the form of synclinorium. 
Its northeastern margin is demarked by the Suinyu line. The Ahari 
upthrust mentioned above probably occupies its northern extension. 
The Koto or Kangtong thrust which extends from Kangtong to the 
west southwest marks the boundary between the Seisen anticlinorium 
and the P’yongyang coal-field. 

Because the Daido series plays a role in this complicated structure 
of the P’yongyang coal-field, it has long been thought to be the pro- 
duct of the Taiho disturbance. It was found, however, that the Daido 
series of the P’yéngyang basin lies clino-unconformably on the Chosen 
group and the Kuken series at Taesong-san (Taiseizan) where there is 
a conglomerate, 80 to 100 m. thick, at the base of the Daido series. The 
Taishiin and Kobosan series of Kambuk-san (Kanpokusan) and Ami-san 
(Gabisan) on the north side of the P’ydngyang basin is also overlain 
clino-unconfamably by the Daido series which consists of conglomerate, 
breccia and coarse sandstone. In the west P’yongyang coal-field the 
Daido series beneath the Taiho Decke is gently undulating. At Sodgii- 
ni (Seikiri) and Anjong-ni (Anseiri) of Taebo-myon (Taihomen) its basal 
conglomerate and coarse sandstone lie clino-unconformably on the 
Koten and Jido series which are intensely folded parallel to the equ- 
atorial axis. (See Fig. 4). These facts on a whole show that the Shorin 
disturbance was strong in this region. | 

The Daido series near P’ydngyang town forms a basin structure, 
with the NE axis, which is gently undulating in the form of a wavy syn- 
clinorium. Its base is unexposed, but it is known that the upper or 
Ryukyo formation is 600m. thick and the lower or Senken formation, 
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more than 700m. thick. They are composed of sandstone and shale, 
but the lowest sandstone of the Senken formation contains quartzite 
pebbles, suggesting the approach to the base of the series. The con- 
glomerate at Chudm-san (Sugansan) which is detached from the main 
Daido area by a fault, consists of round pebbles of quartz, quartzite 
and other rocks in the northwest but angular limestone blocks in the 
southeast where quartzite is very rare. The series of the basin yields 
plant fossils in several horizons. Molluscan shells are contained and 
a fossil forest is buried in the Ryukyo formation. (MAEJIMA, 1985). 

The Daido series at Taesdng-san consists of the Taiseizan basal 
conglomerate, 80 to 100m. thick, the Daijoshi sandstone, 80m. thick 
and the Roseiri black shale, more than 150m. thick. Plants occur in 
various horizons and Molluscan shells are contained in the Roseiri black 
shale. The basal part of the series is also known to exist at Ami-san 
and Kambuk-san as mentioned already. (KOBATAKE, 1941). 

The lower part of the Daido series in the west P’yongyang coal-field 
consists of the Gyokukaho formation, 300 m. thick, chiefly composed of 
black shales containing plants and divided by Saisekizan sandstone, 50 m. 
thick into two parts, the upper one of which yields Molluscan shells; 
the basal conglomerate, only 15m. thick, contains shale and quartzite 
pebbles. 

The upper formation of the Daido series is, more than 1,000 m. 
thick, contains plants, shells and Estherians, and is subdivided into the 
Tosanri black shale, over 850m. thick, the Bunken conglomeratic 
sandstone, 250 m. thick, and the Kurori alternation of sandstone and 
shale, over 400 m. thick; coal seams are contained in the Kurori alter- 
nation and the Gyokukaho formation; and aluminous shale is found in 
the lower part of the latter. (IKEBE, 1935). 

In short, the Daido series in the western and central P’yongyang 
areas is a formation more than 1,300 m. thick and its sequence is differ- 
ent between the two areas. The variation in consitution and thickness 
is especially significant in the basal conglomerate. This suggests the 
great variation of its basement and also of the topographic relief at 
the beginning of the sedimentation. The conglomerate, however, is 
restricted to occur at the base, if the Bunken conglomeratic sandstone 
is neglected. Aluminous shale in the lower part may be an erosional 
product of a temporary upheaval of the margin. The Bunken con- 
glomeratic sandstone together with the fossil forest suggests the 
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emergence and revival of the topographic relief. 

Judging from these facts, it may be, concluded that the crustal 
movement did not cease at the end of the Daido epoch. The Daido 
series is a sediment ranging from late Triassic to Liassic in age. 
- Although any further restriction of its age cannot be made definitely, 
the part in the Heijo area may be younger than the other in the 
western area. 

MATSUSHITA, KOBATAKE and IKEBE (1952) analysed the dislocations 
of the P’yéngyang coal-field into two types, namely: the A type, which 
is developed from intense folding, and the B type, which is unrelated 
and subsequent to the folding. They concluded that the former is the 
product of the Shorin disturbance, while the latter is mostly that of 
the Taiho disturbance. The distribution of the Daido series, however, 
is restricted on one hand and the secondary deformation in the Taiho 
phase goes too far on the other. For these reasons it is not easy to 
restore the Shorin folded mountains. It is presumable, however, that 
the eastern synclinal basin of P’yOngyang between the embryonic anti- 
clinoria of Chuwa and Seisen must have extended into the western 
area as far as the Daido is distributed. Because the series lies on the 
folded Heian group, the Daido basin must have been brought to being 
in the latter part of the Shorin disturbance. The Giyo tectonic line 
which cuts the southeastern and southwestern margins of the basin 
belongs to the Taiho deformation. The Taiho thrust is another deform- 
ation of secondary origin. The Daido basin must have been large, as 
can be recognized from the Daido series at Fenstern. It was in the 
Taiho phase that the frontal part of the Heigen block rode over the 
Taiho Decke to the south for a long distance, assuming that the gneiss 
mass of Ch’e-bong (Taibo) indicates the Siirn of the Kinsai Decke. 

It is indeterminable whether it was in the Taiho disturbance or 
in the latter part of the Shorin disturbance that the Taisei thrust 
developed southeastward into the Tokusan thrust in the Santo or Sam- 
dung area. It appears reasonable, however, to attribute the Suinyu 
dislocation to the Taiho disturbance, if it belongs to the same system 
as the Ahari upthrust. 

West of P’yoOngyang the Taiho series dips to the southeast at 30 to 
45 degrees. Its sequence at Pongsu-ri (Hoyuri) of Yongsan-myon 
(Ryusanmen) consists of (1) basal conglomerate, (2) red shale containing 
limestone lenses, (8) reddish purple tuffaceous breccia containing por- 
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phyrite pebbles, (4) tuff or sandstone containing round pebbles among 
which quartzite and other sedimentaries are more common than vole- 
anic rocks and (5) top conglomerate. The total thickness is estimated 
to be about 2,000 m. or so, and the lower two beds (1-2) are intruded 
by porphyrite and quartz-porphyrite. 

The Taiho series is cut by NE and NW trending fault. The 
Bukakusan fault at the western end of the coal-field occupies the 
northern terminus of the long Angaku fault. It isa large NW fault 
with a NE dip at 30 degrees or so. In addition to it there are several 
long parallel faults on the east and west sides of P’yongyang. Some of 
them cut the Taiho series. This fault system is also found in the 
east P’yongyang coal-field. Near Samdting there is a narrow graben 
trending west northwest. Dykes of acidic rock are sometimes en- 
countered along these post-Taiho faults. 


5. Chunghwa-Sangwon-Hwangju (Chuwa-Shogen-Koshu) Area. 


The area from the Taiseiri or Jido thrust as far south as Hwangju 
consists chiefly of the Chosen group. The Chuwa brachyanticlinorium 
is in the north and the Koshu brachysynclinorium is in the south. On 
the east side of the latter there is the Sohosan dome which is sur- 
rounded by the Shogen group. 

The front of the Chuwa anticlinorium is marked by the Taiseiri 
or Jido thrust. Near the southern margin of the Jido Decke the lower 
Heian group is found to occupy small areas. The pre-Chuwa Decke 
thrusts itself upon the Jido Decke. On the south side of the pre- 
Chuwa thrust are the Chuwa and Shusentei thrusts. All of the 
thrusts are convex toward the north and in the east bend abruptly 
to the south or even to the southwest. 

The younger formations become better developed in the northern 
Decken, but the reverse is the case for the southern ones. The Shu- 
sentei, Shutori and Kukenji thrusts describe parallel arcs on the north 
side of the Koshu basin. This is the axial part of- the Chuwa anti- 
clinorium which is composed of the lower Chosen and the upper Shogen 
group; the anticlinorium is asymmetrical because the Koshu basin is 
sunken. (K. SAITO, 1987). 

The Koshu or Hwangju basin is a brachysyncline or brachysyn- 
clinorium of elliptical outline with the major diameter twice as long as 
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the minor one. The Ordovician, Cambrian and Kuken formations are 
aligned concentrically, but their distribution is disordered to some 
extent by folding and thrusting near the periphery. The southern 
thrusts are centrifugal as the Kukenji and other northern ones. (TAKE- 
. HARA, 1984; SAwWADA, 1941). 
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Fig. 9. Profile of the Eastern Part of the Hwangju or Koshu Basin. 
(After TAKEHARA). 


O. Ordovician Formation b. Shutori (Mtf2!2) Thrust 

C. Upper and Middle Cambrian Formations c. Kukenji (iiile:) Thrust 

Cl. Lower Cambrian Formation d. Kokkyo (2§) Thrust 

S. Kuken Series e. YOngp’ung-ch’6n, Eihosen, x!)I| 
a. Shusentei (AY) Thrust f. Ch’onjii-san, Tenchusan, Kf#|1} 


To the east of this structural basin is the Sohosan dome which is 
nearly triangular in outline and is composed of gneissose granite 
which belongs to the pre-Shogen basement complex. The dome is 
surrounded by the Shogen group. On the northwest side it is folded 
with a northwest dip and is thrust toward the southeast. Among 
the thrusts two important ones are the Shogen and pre-Shogen thrusts. 
(See Fig. 8). They appear to correspond to the Kukenji and Shusentei 

- thrusts in the west, but the direction of the thrusting is opposite be- 
tween the two sides, showing torsion of the Shogen group between 
the centripetal thrusting toward the Sohosan dome and the centri- 
fugal one from the Koshu basin. 

In the northwest part of the Koshu basin is the Daido series, 
about 1,500m. thick (SHIMAMURA, 1929). It begins with the Kenjiho 
limestone conglomerate which is a talus debris containing angular 
boulders of Gotlandian limestone (KOBAYASHI, 1985). The lower Daido 
is a deltaic sediment containing Estherians. The middle and upper 
parts of the series consists of sandstone and shale accumulated on a 
lake bottom. Plant fossils are found therein. The middle part con- 
tains conglomerate, conglomeratic sandstone and some coal seams. 
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The southerly dipping Ordovician of the Koshu basin is overlain un- 
conformably by the Daido series with a northwest dip. Their contact 
is found in Shorinmen or Songnim-mydn whence the “ Shorin phase” 
was proposed. The series covers the lower Chosen group in the 
north and is cut by a fault at the northwestern end. As mentioned 
above, the Kenjiho limestone conglomerate is a talus deposit. There- 
fore it must be the earliest sediment in the intermontane basin, sur- 
rounded by rugged mountains after the Shorin disturbance. At that 
time the Gotlandian formation must have been on the Ordovician. 
Except the basal conglomerate, limestone boulders are seldom found. 
Round pebbles, 2 to 83cm. across are mostly quartzite, clayslate and 
shale. These pebbles are thought to have been transported by a 
river from somewhere at a fair distance, probably to the south, and 
were deposited in a delta. On the northwest side there was a low- 
land of the lower Chosen group which was later submerged and 
covered by lacustrine sediments. 


6. The Chaeryong-gang (Saineiko) Valley. 


The Shinsen block is limited by the Angaku fault on the east 
side. East of this fault is the lowland of the lower Chaeryong-gang 
valley. The Taiho series forms low hills above the broad flood plain 
of the river. Beyond the valley there is an excellent display of the 
Shogen group. East of Sariwdn (Shariin) a patch of the Eocene 
series fills a small basin of Pongsan (Hozan) in the limestone table- 
land of the group. The stratigraphy of the Shogen group in this 
region was immensely clarified by the effort of MATSUSHITA (1935, 
41, 43.) 

The Kokulian granite is extensive in the southernmost part. Its 
injection has produced the mica-schist of the Keirin group, but the 
schist is not extensive at present. The relation of the Keirin to the 
Shogen group is not determined. The Ritsura group is composed of 
micrographic granite, quartzite, crystalline siliceous limestone, sericite- 
schist, sericite-quartz-phyllite, sericite-quartz-schist, sericite-schist and 
a small amount of mica-schist. The Ritsura granite looks younger 
than the Kokulian. 

The Chokken series is 3,100 to 3,800 m. thick, the Shidogu 2,000 m. 
to 2,400 m. thick and the Kuken, about 1,500 m. thick. The total thick- 


178 


T. KoBAYASHI 


Table VIII. Stratigraphic Sequence of the Shogen Group 
in the Heinan Geosyncline 


Central Hwanghae-do (Kokaido) 


Kuken Series, 


2, 000-2, 500 m. 


Unpori Slate, 370 m 


Shidogu Series, 
1, 500-2, 000 m. 


Hirodo Conglomeratic 
Phyllite, 900 m 


Kyuzan Slate and 
Quartzite, 250-1, 500 m 


Liaotung Peninsula 


Nanshan Stage, 
400-800 m 


Gyokukenri Siliceous 
Limestone, 50-330 m 


Machiatun Siliceous 
Limestone, 50-200 m 


Sekkazan Slate, 
250-450 m. 


ees ss 


Seisekito Limestone, 
450-600 m 


Shihsanlitai Collenia 
Limestone, 50-150 m 


Yingchengtzu Limestone, 
370-400 m 


Onoda Limestone, 


Chokken Series, 


3, 100-3, 800 m. 


Nanshan Series 


500-1, 000 m 


270-400 m Kuantung Series 
Tokuzai Dolomite, Kanchingtzu Dolomite, 2, 500-3, 000 m 
250-540 m 450-700 m | 
Ginseki Limestone, Nankuanling Limestone, 
700-1, 000 m 800-1, 000 m 
Ansinrei Calcareous Changlingtzu Phyllitic 
Phyllite, 625 m Limestone, 700 m 
: Lungtou Quartzite, 
450 m 
He = —* = } 
Tyozyusan Quartzite, Yingkeshih Phyllite and | 
1,000 m Limestone, 30-200 m 
Chakou Quartzite, 
1,000 m Tahoshangshan 


Gohori Slate, 
500-1, 800 m 


Lungwangtang Slate 
and Quartzite, 800m 


Waitoushan Quartzite, | 
500 m | 


Huangmichuan Slate, 
0 m. 


Syoho Felthpathic 
Quartzite, 600-1,000 m 


Base unexposed 


Series, 3,200 m 
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ness of the Shogen group is estimated to be 7,000 to 7,500m. As it 
is cut by thrusts, however, no continuous sequence of the Chokken 
series can be observed. The Shoho arkose quartzite at the lowest 
part of the series is conformable with the superjacent beds, but 
apparently is para-unconformable with the subjacent ones. The arkose 


material of the quartzite is inferred to have been supplied from the 
Ritsura granite. 


0 5 10 km 


Fig. 10. Profile of the Chaery6ng-gang or Saineiko Disturbed$Zone. 
(After MATSUSHITA). 


Bukkokuji Granite Chokken Series 
E224 Lower Cambrian Formation Ritsura Group 
Kuken Series “«*<"} Kokulian Granite 
F===] Shidogu Series WM “Keirin Group 


A,. Ritsura (#22) Anticlinorium 3. Seihozan (jJEAj|L) Thrust 
S,. Setsukwasan (277/é[1|) Syncline 4. Hozan (Je\l)) Thrust 

As. Chojusan (f2;3[)) Anticlinorium 5. Ginryu ($if2) Thrust 

S,. Shajitsuho (jf§4 4) Synclinorium 6. Shokori (fA# 2) Thrust 

A;3. Gohori (7) Anticline 7. Shichihozan (cil@|1}) Thrust 
S;. Rodori (jf) Syncline 8. Kwanganri (7/42) Thrust 

Ay. Hirodo (Axia) Anticline 9. Jakusenri (#8)I|}2) Thrust 
1. Toji (#hilke) Thrust 10. Shinsenri (#8)||!2) Thrust 
2. Tokugu (7/8) Thrust 11. Shuseiri (fft#-/2) Thrust 


In a distance of more than 35km. from Hwangju (Koshu) to the 
east of Haeju (Kaishu), the Shogen group forms 4 anticlines and 3 
synclines. The southernmost is the Ritsura anticline, or better to say, 
anticlinorium with the Ritsura group at its axis. On its south wing 
the Ritsura group is overlain by the Shoho arkose quartzite and 
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farther to the south the superjacent sequence extends as far as the 
lower Shidogu series, but it is separated from the Kokulian granite 
by an intrusive mass of the late Mesozoic granite. In the northern 
wing the two formations are separated by a high angle thrust. 
' Farther north is the Setsukwasan syncline of the Shidogu series. 
whose axis is subvertical. On its north side there comes the Choju- 
san anticlinorium and then the Shajitsuho synclinorium. The former 
consists of the lower and middle Shidogu and the latter of the upper 
Shidogu and the lower Kuken series. Their folding axes are inclined 
to the south. On the north side of this recumbent folding are the 
strongly destroyed Gohori anticline and Rodori syncline. The former 
is composed of the Chokken series whereas the latter comprises the 
formations from the upper Chokken to the lower Shidogu series. 
These two are again overturned toward the north. At length one 
reaches the Hirodo anticline which is composed of the Lower Cam- 
brian and Kuken series. It is an asymmetrical anticline with a 
vertical axis, having a gentle northern limb and a steep southern 
one. 

Looking at the whole section, it can hardly be overlooked that 
the Ritsura and Gohori anticlines composed of the Chokken series in 
main are deformed strongly by thrusting, but the Shidogu series in 
their interval is deformed to a much smaller degree. The fold axis 
is high-angled in the south, but becomes overturned toward the north 
and at length the Rodori syncline is thrust upon the Hirodo antic- 
line along the Toji thrust line. 

This fundamental structure is deformed considerably by secondery 
thrusting and faulting. On the northern and southern side of the 
Ritsura anticline are several high angle thrusts. On the southern 
part of the southern wing the thrusts are directed to the south, but 
in the northern part they are directed to the north like those in the 
northern wing. Farther north the quartzite of the Chokken series pro- 
trudes into the limestone of the lower Shidogu series forming an ellipti- 
cal dome. These deformations may be attributed to the compressive 
block movement of secondary origin. There is the Ginryu thrusts in 
the central folded zone and the Hozan thrust in the north. This 
thrust plane is low angled in the west, but becomes steep in the 
east. The Gohori anticline and Rodori syncline farther to the north 
are strongly deformed by the Seihosan and Tokugu thrusts. The 
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Seihosan thrust in particular is low angled and branches off in the 
western terminus. Two minor Klippen are found in front of this 
western part. It is, however, high angled in other places. This dis- 
turbed zone is delimited by the Toji thrust at the northern end. 

Some of these thrusts are thought to be the products of the 
Shorin disturbance, but many others are upthrusts, thought to be 
caused by compressive block movement in the Taiho phase, because 
the dislocation is discrepant with the folding. 

After the geologic structure of the Shogen group had thus been 
constructed by the Taiho disturbance, the Taiho series was deposited 
in the lower Chaeryong-gang (Saineiko) valley and now forms low 
hills. According to SHIMAMURA (1929) it can be divided in descending 
order as follows :— 


3. Honanri formation, over 350m. thick; black shale and dark gray or light brown sand- 
stone; ripple marks common in the latter; plant fossils uncommon. 

2. Kanposan formation, 750m. thick; tuffaceous gray shale, sandstone and limestone; 
green or reddish brown shale containing plants; angular gravels of porphyrite in basal 
conglomerate. 

1. Goryusan formation. 

b. Upper part, 750m. thick; thick andesite lava flow with intercalations of reddish brown 
tuff. 

a. Lower part, 600m. thick; tuff, tuffaceous shale, sandstone, conglomerate, shale and 
quartzite; round or angular pebbles, 60cm. at the largest, of quartzite, clayslate, 
sandstone, limestone, quartz-porphyry and porphyrite in conglomerate. 


Various kinds of porphyrite i.e. compact pyroxene porphyrite, 
quartz porphyrite, brecciated porphyrite and so forth intrude the 
Kanposan and older formations. The eruptions of these andesitic 
rocks were repeated several times before the deposition of the Goryu- 
san formation. In the late Goryusan epoch strong effusion of lava 
recurred. 

At present the Taiho series widely covers the southwestern mar- 
gin of the Koshu basin. In the lower Chaeryong-gang valley it is 
cut by faults on the east and west sides, but south of Sariwon it lies 
unconformably, and gently undulating on the Shogen group, forming 
a basin. The western margin of this basin is marked by the Angaku 
fault which is traceable for more than 100km. in a NNW trend, 
and dips gently to the east northeast at about 30 degrees. It is 
indicated by a shuttered zone of several meters in breadth, which is 
penetrated at places by dykes of beresite and felsite. 
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In the southern part, the Gyokken fault which is parallel to 
the preceding, runs along the east side of the valley. Its downthrow 
is on the east side. The Token fault in the north is parallel to the 
Shariin fault and its downthrow is on the west side. It cuts a strike 
fault with downthrow on the south side. Thus the strike fault is 
older than the meridional one and may be coeval with or even older 
than the Angaku fault. The block movement is supposed to have 
changed from compression in the Taiho phase to tension later. The 
strike fault may be a product of the beginning of the latter move- 
ment. 

The Saineiko or Chaeryong-gang depression is presumed to have 


Eocene Coal Formation 
o Pre-Cambrian Limestone 


Fig. 11. Geological Map and Profile of the Pongsan (Hozan) Coal-Field. 
(After Matrsusuita, ONoYAMA and MAEJIMA). 


a in the profile is Shariin Coal Mine; a, b and s in the map respectively the main 
pit of the Hozan Coal Mine, the first pit of Shariin Coal Mine and Sin-Pongsan 
(Shin-Hozan, 37/A\|1)) Station, 
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been produced by downwarping. Volcanic eruptions took place and the 
Taiho series accumulated there. Subsequently the Shinsen block was 
titled, yielding the Angaku dislocation line. Thus, the block move- 
ment was related to the Bukkokuji igneous activity which continued 
with the batholithic invasion of granitic magma causing a grand 
culmination and renewed tension faulting. Beresite and felsite dykes 
along the meridional faults as well as the Angaku fault suggests 
that they are products of successive block movements, although the 
Angaku fault is older than the meridional ones. 

The Eocene Hozan series was deposited in a small basin on the 
Pre-Cambrian limestone. Marine shells have erroneously been re- 
ported from the series. The basal conglomerate, about 50m. thick, 
is restricted to the central part of the basin. It is overlapped by 
coal-bearing sediments, about 300m. thick, which yield plants, fresh 
water shells and late Eocene mammalian remains. This series forms 
a gentle basin structure, having its major axis in an east northeast 
trend. It is cut by faults on three sides, the northwest, northeast 
and southwest. It is a small but typical fault angle basin, about 
4km. long from NE to SW and a little broader than 2km. The 
basin is thought to have been faulted down by the Middle Tertiary 
disturbance. (MATSUSHITA, ONOYAMA and MAEJIMA, 1985) 

Differential erosion is well displayed in the Shogen terrain. Quart- 
zite and allied rocks are resistant, while clayslate and slate form low 
lands. Numerous dolines are found on the wide tablelands of cal- 
careous rocks. Flattopped piedmont plateau or rock terraces are 
especially well developed along the Sdhiing-gang (Zuikoko) tributary 
which is an eastern branch of the Chaeryong-gang. 


7. Discussion and Summary. 


The tectonic development of the Heinan geosyncline is thought 
to have commenced in North Korea with embryonic domes and basins 
disposed in checker pattern. There were at least four disturbances,— 
Shorin, Taiho, early Tertiary and middle Tertiary. The Shorin phase 
of crustal deformation is responsible for most of the fundamental 
architecture. The original folds and thrusts were, however, con- 
siderably modified by later thrusting and sliding in the Taiho distur- 
bance which was succeeded by vigorous volcanic eruptions and intru- 
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sion of granite. While these Mesozoic deformations were compressive, 
the Tertiary ones were characterized by tension and dyke rocks were 
intruded. Still later basalt has been effused extensively along the 
lines of weakness. Controlled by rigid domes, trends of the fold axes 
and dislocation lines vary to a great extent. Nevertheless, the equa- 
torial trend is so predominant that it is recognizable that the Heinan 
geosyncline was compressed meridionally. The Tertiary faults take 
either the NNW or NNE to NE direction, forming a complicated 
mesh. 

The thickness of the Shogen group attains 7,700m. at the maxi- 
mum. The Chosen and Heian group are respectively 2,000 and 2,600 
m. at the thickest. Their total thickness is therefore more than 
10,000 m. ‘The embryonic folds at the beginning of the deformation 
were the Yotoku dome, the basins at its northwest and southwest 
sides, the Seisen anticline, the Sohosan dome, the Koshu basin to its 
west side and the anticlines on the north and south sides of this 
basin. 

The Sainei belt is a large asymmetric anticlinorium which lacks 
the Chosen and Heian groups. The axis of folding is subvertical in 
the southern part of the belt, but inclined and thrust toward the 
north in the middle and northern parts of the belt. The Koshu 
syncline is very gentle and its axis short and vertical. Its south 
side is bordered by the Hirodo anticline. The anticline on the north- 
ern margin is deformed by the Kukenji and other thrusts along which 
the Kuken series is exposed. The Chuwa anticlinorium is complicated 
by thrusting and the Kuken series well developed on its southeast 
side where the thrusting in the early stage was directed toward the 
Sohosan dome. Later, however, the Koreizan and other elements of 
the Chuwa anticlinorium were pushed toward the northeast. The 
tangential movement of the Tokusan Decke may be a local event of 
the early Taiho disturbance, if not of the late Shorin. 

MATSUSHITA (1948) has distinguished the thrusting or the A type 
dislocation from the B type dislocation, or a kind of upthrusting, and 
referred the former to the Shorin disturbance and the latter to the 
Taiho disturbance. It is, however, also possible that the change from 
thrusting to upthrusting occurred in the latter part of a disturbance, 
because the difference between the two kinds of dislocation depends 
principally upon the plasticity. At all events, it is clearly shown by 
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Fig 12. A and B Types of Thrusts in the Chaery6ng or Sainei Zone. 
(After MATSUSHITA). 


1. Hozan (Jeli) Thrust f. Kyuzan (JIL) Slate 

2. Seihozan (JE7j|l]) Thrust e. Tokuzai (/##7/¢) Dolomite 

3. Pre-Seihozan Thrust d. Ginseki ({f{) Limestone 

4. Tokugu (4#f!)) Thrust c. Anshinrei (4it)#) 

5. Toji (Apiltg) Thrust Calcareous Phyllite 
h. Unpori (2&2) Slate b. Chojusan (J2;3|1]) Quartzite 
g. Hirodo (j&j]) Boulder-bearing Phyllite a. Gohori (7illé/) Slate 


the structure of the Shogen group in the Sainei area that the A 
type thrusting has generally proceeded to the B type thrusting. © 

In the west P’yongyang coal-field, the Taiho and other thrusts 
which were produced by the Taiho disturbance can be distinguished 
clearly from the deformation of the Shorin phase. There the B type 
dislocation, with which the Daido series is incorporated, sometimes 
developed into horizontal transportation for long distances. Some 
Fenstern and Klippen are met with in this area. 

It is seen at Taiseiri and its adjacent area in the east P’yongyang 
coal-field that the thrust line runs between the Jido and Koten series. 
Farther east one can see a highly complicated horizontal dislocation 
as far as Samdtng (Santo). According to IKEBE the Tokusan, Korei- 
zan and Haisekido Decken are piled up there one above another, but 
the amount of displacement is no more than10km. It is remarkable 
that the Koteizan and a few other southern Decken are ridden over 
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toward the south. 

The northerly thrusting cannot be seen beyond Kangtong (Koto). 
The axis of the Seisen anticlinorium is inclined to the northeast. 
Beyond it there are many thrusts and slides toward the south, or 
toward the southeast in the part where the Yotoku block has rested. 
Without the Daido series this tectonic development is difficult to se- 
parate into the Shorin and Taiho phases. 

This orogenic zone is overlain by the Shiragi series and intruded 
by granitic rocks by which the folded zone was well consolidated. 
Subsequently the zone was broken into blocks. There must have been 
block movement near the end of the Cretaceous or the beginning of 
the Tertiary period. Faults which cut the Eocene series at Pongsan 
or Hozan are not very large and were probably produced by the Mid- 
dle Tertiary block movement. 


Chapter III. 
The Heinan Orogenic Zone in the Liaotung Peninsula. 


1. Introduction. 


In his geological reconnaissance through South Manchuria in 1860 
RICHTHOFEN traveled from Fuhsien through the Wuhutsuei basin. He 
was the first to pay attention to the Yungning sandstone. Subsequent- 
ly in 1903 BLACKWELDER made a trip through Fuchou and Hsiungyiieh- 
cheng and gave a chapter in “ Research in China” (1907). During his 
visit to the Far Hast, 1909, IDDINGS made a rich collection of Cambrian 
fossils at Changhsingtao which were later described by WALCOTT in 
“Cambrian Faunas of China’, 1918. 

A systematic research in the geology of the Liaotung peninsula, 
however, was not undertaken before the geological survey in the South 
Manchurian Railway Company was instituted in 1907. In this year 
MURAKAMI compiled the results of the survey of the Kwanto District 
in a report. The geological outline of the Liaotung peninsula was 
first brought to sight with the geological map of the Dairen sheet 
and its explanatory text in scale 1/400,000. 

Since then a mass of papers have been published by many authors, 
including SAWATARI’s on the Liaotung gneiss complex (1936), MATSU- 
SHITA’s on the Shogen system and on the geologic structure in the 
west of the Chinchou fault (1980, 31, 40), SAITO’s on the Pre-Cambrian 
stratigraphy (1988), studies on the stratigraphy and palaeontology of 
the Chosen group by ENpDO (1924, 32, 35, 87) and KOBAYASHI (1980, 31, 
33), on the Heian group by OZAWA (1927), INAI (1985), Nopa (1941, 42, 
50), and HANZAWA (1944), geology of Chichiachengtzu and Hsitao by 
NAKAMURA and Soo (1942), topography by HANAI (1928) and TSUCHIDA 
(1952) and so forth. Besides these studies by the Japanese geologists 
there are the reports on the Wuhutsuei coal-basin by CHAO (1926) and 
WANG (1928). Finally, a Jurassic mammal descibed by YABE and SHI- 
KAMA (1988) and the article on the budding of Nelumbo seeds from 
the peat deposit of Pulantien by OHGA (1927) bear special interest for 
palaeontologists and neontologists. 

The area dealt with here extends from the Heinan geosyncline to 
the Heihoku massif, Yatang bay lying at their boundary. In North 
Korea, the displacement along the Ch’ongch’6n-gang (Seisenko) river 
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is so great that the Heihoku massif side is bared by erosion. The 
relation between the massif and geosyncline is a problem of the 
Liaotung peninsula which should be investigated. It can hardly be 
overlooked that the pre-Shorin formations are thinner and strati- 


Mesozoic Formations 
| Heian Group 
Chosen Group 
Shogen Group 
Basement’ Complex 


Grenitic Rocks 


Fig. 13. Geological Map of the Liaotung Peninsula. (After Aojr et al.) 


1. Fuchou, (ZN 11. Sankuanmiao, =‘7'jij 

2. Taipingkou, A7*jiij _ 12. Pulantien, 3 pik 

3. Changhsingtao, |2 i) 13. Chinchou, 4>)\f 

4. Hsichungtao, pur Is; 14. Pitzuwe, $83-% 

5. Fengmingtao, ill} les 15. Tachangshantao, A415 

6. Hsitao, puki 16. Tangchiakou, ifF3¢jfii 

7. Chinchiachengtzu, ¢>’4¢ {i= 17. Tahoshangshan, Fil fijil 

8. Wafangtien, JL U5)! 18, Nankuanling, pij/i) i 

9. Wangpashan, /\ || 19. Dairen, Aji 

10. Yatang Bay, WHE 20. Liishun, Ryojun, #él|X, Port Arthur 
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graphic breaks larger in the massif than in the geosyncline. 

The mode of crustal deformations caused by the Shorin and Taiho 
disturbances is also quite different between the two tectonic elements. 
When intense folding and thrusting were taking place in the geosyn- 
cline, basins and domes were formed on the massif by undulation, or 
upthrusting and sliding at some places. There are Mesozoic forma- 
tions but no Tertiary in this peninsula. Therefore it is difficult to 
discriminate later block movements. The Chinchou fault is a clear- 
cut tectonic line the scarp of which has topographic significance. 
Compared to North Korea the Sinian trend is well emphasized in 
the fault system. 


2. Stratigraphy. 


This region is composed of the (1) ancient gneiss complex, (2) 
Shogen group, (8) Chosen group, (4) lower Heian group, (5) older 
Mesozoic Wafangtien formation, (6) Cretaceous Pulantien formation, 
(7) igneous rocks and (8) Diluvium and Alluvium. 


a. Ancient Gneiss Complex. 


This is widely exposed in the peninsula to the east of the Chin- 
chou fault. It was called the Liaotung gneiss system by SAWATARI. 
Epidote-biotite-schist and epidote-and mica-bearing granitic gneiss 
are the leading members; some hornblendite and heleflinta are in- 
cluded. All are intruded by aplite. The metamorphic rocks are 
considered originally igneous rocks, mostly andesitic or dioritic, but 
the original rock of the heleflinta must have been trachytic. 

MATSUSHITA designated “ Hstangshueiszu series” for a formation 
of 250 to 400 meters’ thickness on the northwest side of Tahoshang- 
shan, which rests on the gneiss complex and is paraunconformably 
overlain by the Tahoshangshan series. It consists of mica-schist and 
phyllite in the lower and limestone and clayslate in the upper part. 
According to SAITO, however, its relation to the Tahoshangshan is 
conformable. In other words, it is a lower member of the Taho- 
shangshan series lying on the gneiss with the relation of an intrusive 
contact. However, there are probably two granites to be distin- 
guished in the region. One intrudes the Hsiangshueiszu but the other 
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intrudes only the Liaotung gneiss. The former is the Kungchangling 
granite and the latter referred to as the: Tueimienshan granite. 


b. Shogen Group. 


The sequence of this group is considerably different between the 
two sides of the Yatang bay. In the peninsular part on the south 
side its base is unknown. Elsewhere its sequence is complete and 
very thick. On the north side the upper Shogen is absent and there 
are breaks in the middle and lower parts most of which are com- 
paratively thin. 


Liaotung Peninsula Wuhutsuei Wafangtien 


(Heian Group 


Ordovician’ System 600 
Cambrian System 800-700 
Nanshan Series 1000-500 


Kuantung 4-300 


Series 


Tahoshangshan oe 


Series 
Yatung Bay 


Fig. 14. Variation of Thickness of Sediments in the Heinan Geosyncline 
in the Liaotung Peninsula. Number: Thickness in m. 


The group occupies the extensive area of the southern part west 
of the Chinchou fault and was studied in detail by MATSUSHITA and 
SAITO. As a result it can be classified into 8 series and 14 stages. (See 
table VIII). The lower or Tahoshangshan series, is more than 8,200 
m. in thickness, comprises 6 stages, the leading component being 
quartzite, but in addition it contains siliceous slate, calcareous phyl- 
lite and phyllitic limestone. This series plus the lowest stage of the 
middle or Kuantung series is correlated by MATSUSHITA to the Chok- 
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ken series in Kokaido, North Korea. The Kuantung series, about 
3,000 m. thick comprises 5 stages. Its major part is occupied by 
limestone and dolomite, but phyllitic clayslate is intercalated in the 
basal stage. Collenia is sometimes found in the middle part. 

The upper or Nanshan series which overlies the Kuantung  dis- 
conformably, varies from 500 to 1,000m. in thickness and consists 
of 8 stages. The lower stage is represented by Collenia limestone 
and the middle one by light coloured thin bedded siliceous limestone. 
The upper part of 400 to 800 meters called the Nanshan stage is 
built up of clayslates with intercalation of quartzite, quartzose sand- 
stone and limestone. The facies and thickness, however, are quite 
variable through this stage. The Nanshan series is correlated to the 
Kuken series in North Korea. 

The Shogen group north of Yatang bay was first classified by 
AojI (1928) and revised by SAITO (1988) and others. AoOJI. distin- 
guished the Hsiho and Wuhangshan series in the group and divided 
the Hsiho into the Tiaoyiitai quartzite, Nanfen shale and mar] and 
the Chiaotou quartzite, and the Wuhangshan series into the Kaochia- 
tun shale and sandstone and the Chinchia black limestone. The Tiao- 
yutai quartzite rests on the Liaotung gneiss complex with remarkable 
discordance. 

According to the recent opinion by MATSUSHITA, the Chiaotou 
quartzite, 200 to 700m. thick, can be correlated to the upper 5 
stages of about 3,000m. of the Tahoshangshan series. The Hsiho 
series is only 700 to 2,000m. in total thickness. The Wuhangshan 
series, the correlative of the Kuantung series, is also thin and about 
900 to 1,300 m. thick. The Nanshan series is absent in this area. 
There sediments of only a little more than 2,000 meters’ thickness 
accumulated in the early and middle Shogen periods, while on the 
south side of Yatang bay, the thickness of the sediments attained 
about 7,000 m. Subsequently the northern area became land by the 
end of the Shogen period, whereas 1,000 meters’ sediments accumu- 
lated in the southern area after an emergence between the middle 
and upper Shogen period. 

In the vicinity of Chunghwa (Chuwa) in North Korea there are 
the Protolenus beds between the Kuken series below and the Redlichia 
beds above. The three are accumulated one above another. In the Liao- 
tung peninsula the Redlichia beds appear to lie on the Nanshan stage 
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without any sharp boundary. 

Near Chinchou in the southern area the Redlicla beds look either 
conformable or para-unconformable to the Nanshan stage, but the 
relation of the beds to the upper Wuhangshan series is evidently 
disconformable in the northern area at the neck of the peninsula. 
Around the Wuhutsuei basin, it is recognized that the stratigraphic 
break beneath the Redlichia beds becomes larger from the Hsitao 
to the Chinchia-chengtzu area. For example, the Panlatao limestone 
at the top of the Wuhangshan series is present in the former area, 
but absent in the latter (NAKAMURA and Soo, 1942). Southwest of 
Wafangtien the red conglomeratic shale lies on the undulating erosion 
plane of the Chiaotou quartzite. 

At Sungshu and Teiliszu north of Wafangtien, and in the vicinity 
of Fuchou north of the Wuhutsuei basin, there is the Yungning sand- 
stone the age of which has been a matter of discussion. This is 
reddish purple false-bedded sandstone, the material of which was de- 
rived from quartzite and granitic rocks. It is a kind of deltaic 
sediment in which conglomerate is intercalated. Because of its young 
appearance it was once considered Mesozoic. According to SAITO 
(1939) the formation consists of two parts. Its lower part unconfor- 
mably overlies the Nanfen shale and marl or gneiss and merges 
laterally with the Kaochiatun shale and sandstone. The upper part 
is conformable with the lower, but lies unconformably on the Kao- 
chiatun shale and sandstone. Therefore, the Yungning sandstone must 
be the remains of a Pre-Cambrian delta on the western margin of 
the Heihoku massif. 

Near Kaiping further north exists only the thin Tiaoyiitai quart- 
zite. The Hsiho series is best developed in the Taitzuho tributary 
at its type locality. Because it reveals a cycle of sedimentation, it 
was once regarded a minor cycle in the Taitzuho depression corre- 
sponding to the major Shogen cycle in the Heinan geosyncline. (Ko- 
BAYASHI and KIN, 1931). The Hsiho series is really very thin, com- 
pared with the tremendous thickness of the Shogen group. Therefore, 
it was another interpretation that the Hsiho series is the equivalent 
of the lower or upper part of the Shogen group. This problem is 
not yet thoroughly solved. Nevertheless, it is undeniable that the 
Shihho in the Taitzuho valley is so similar in lithic aspects to the 
so-called Hsiho series at the neck of the Liaotung peninsula that 
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Aojr’s correlation between them is now generally accepted. 

Whatever this correlation problem may be, it is certain that the 
subsidence of the geosynclinal zone was as large as indicated by the 
Shogen group, about 8,000 m. in the peninsula that is,—four times 
thicker than the group on the Heihoku massif at the neck of the 
peninsula. 


c. Chosen Group. 


The fossils from the Fuchou series at Changhsingtao which were 
described by WALCOTT are all Middle Cambrian. In the vicinity of 
Chinchia-chengtzu one can see an excellent Cambrian sequence, from 
lower to upper, which is provided with numerous fossil horizons, and 
overlain by the Ordovician. They were studied in detail by ENDpo, 
KOBAYASHI and others among which NAKAMURA and Soo (1942) have 
most elaborated in the Cambrian stratigraphy of the Chinchia-chengtzu 
and Hsitao areas. 

The Lower Cambrian, 220m. thick, is chiefly composed of reddish 
purple shale with some limestone. Above it is micaceous sandstone 
at the base of the Middle Cambrian formation. This formation is 
about 200m. thick. Shale is not uncommon in the lower part, but 
the middle part consists mostly of limestone and the upper part of 
slabby limestone and marl. Slabby limestone and intraformational 
limestone conglomerate are the leading components of the Upper 
Cambrian which is about 170m. thick. Shaly layers are intercalated 
in the middle part. 

At the base of the Ordovician is Cryptozoon limestone which 
contains a small amount of brachiopods. This fauna, as noted by 
KOBAYASHI (1988), is quite different from that of the Cryptozoon 
limestone in the Taitzuho zone. Above it is slabby limestone which 
is accompanied by dolomite and intraformational limestone conglo- 
merate. This sequence looks similar to that of the Wanwanian series 
in the Taitzuho zone, but their correlation is as yet endorsed by no 
palaeontological fact. 

The next beds are composed of chert or flint bearing massive 
and well bedded limestone. The lithic aspect reminds one of the 
Wolungian, but the limestones are unfossiliferous. Actinoceroids and 
other Middle Ordovician fossils are abundant in the still higher lime- 
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stone through which its reference to the Toufangian can be confirmed. 
The Ordovician formation is about 400 m. thick. 

The Chosen group in the vicinity of Wafangtien belongs mostly, 
if not wholly, to the Cambrian. 
| On the south side of Yatang bay, there is the group near Chin- 
chou and Sanshihlipu. According to MATSUSHITA (1980) the Lower 
Cambrian measures about 350m., the Middle and Upper Cambrian 
about 400m., and the Ordovician about 600m. in thickness. Thus, 
the total thickness attains more than 1,300m. in the Chinchou area, 
while it is about 1,000 m. in the Wuhutsuei basin. Thus it is thicker 
here than in the Wuhutsuei basin, but the difference in thickness is 
much less in the Chosen group compared with that of the Shogen 
group. 

In the Chinchou section is a formation, 350m. thick, beneath the 
Redlichia beds. It is composed mostly of slate and quartzite, but lime- 
stone and quartzose sandstone are intercalated in the slates. MATSU- 
SHITA previously has regarded it as the basal part of the Cambrian, 
but now it is taken for the top division of the Nanshan series. This 
formation is absent both in the Chinchiachengtzu and the Hsitao 
area. It is noteworthy that the marl of the Kushan stage and the 
intraformational limestone conglomerate common in the Upper Cam- 
brian of the Wuhutsuei basin are apparently undeveloped in the Chin- 
chou area. 


d. Lower Heian Group. 


Surrounded by Ordovician ridges, this group occupies the central 
part of the Wuhutsuei basin and yields the so-called Fuchou fire clay 
and anthracite. It forms low hills and consists of the Penchi, Yatang 
and Lioutang series. The Penchi is the approximate equivalent of the 
Koten series; the Yatang and Lioutang are combined into the Jido in 
Korea. The so-called G bed or the fire clay bed at the base of the Penchi 
series overlies the Toufangian limestone; the Penchi limestones contain 
Moscovian fossils. The series is 70 to 90m. thick. The limestone at 
the top is overlain by the fire clay at the base of the Yatang series 
with erosional unconformity. The clay bed contains angular limestone 
boulders which were derived from the upper Penchi. 

The Yatang series is about 100m. thick. It has a persistent 
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limestone layer in the middle part, and limestone lenses above and 
below the middle limestone, all yield Sakmarian fossils; coal seams 
are found below the middle limestone bed. 

At a point east of Feichiatun, NopA observed that the false- 
bedded coarse sandstone of the Lioutang series lies on the dark brown 
shale of the Yatang in clino-unconformity. Nevertheless, the two 
series are generally conformable. The Lioutang is built up of sand- 
stone, shale, fire clay and coal seams and contains land plants but no 
marine fossils. 

At Tiaohutsu and Chienshihhueiyaotzu near Chinchou and at Tang- 
chiakou, east of Tahoshangshan are small areas of the Penchi and 
Yatang series. 


e. Wafangtien Formation. 


This is found as small patches east of the town of Wafangtien. 
Its structure is so complicated that its sequence can hardly be figured 
out. It is composed of shale and sandstone, in addition to conglomerate 
and coal seams. According to HORIUCHI it lies on the Lower Cambrian 
southwest of Wafangtien and Lichiayao and on the Upper Cambrian 
east of Wafangtien. At Tangchiatun it overlies the Ordovician (?) and 
Upper Cambrian in clino-unconformity. At Wangchiatun, however, the 
relation between its basal conglomerate and the Lower Cambrian is 
disconformable. It lies unconformably (?) on the Middle Cambrian north 
of Chatzuyao (?) and disconformably on the Lower Cambrian east of 
that village. Furthermore, it lies unconformably on the Middle and 
Upper Cambrian at Taikumiao but disconformably on the Upper Cam- 
brian at Hsiaolinchiatun. It lies unconformably on the Hsiho series 
(?) at Luchiatun. 

Because I visited this area in 1939 in summer when the exposure is 
worst, I could examine only a part of these contacts. It can hardly 
be overlooked that the rock facies are quite changeable. Remarkably 
enough, some conglomerates are composed mostly of limestone, but 
others contain no limestone. Pebbles of these conglomerates are not 
always very large. It must have originated as a lacustrine sediment 
in an intermontane basin whose topographic relief and geologic struc- 
ture were fairly complicated. Jurassic plants therein belong probably 
to the Daido flora. In addition Molluscan shells and fish-scales are 
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known to occur but have not yet been studied. Manchurodon sim- 
plicidens YaBE and SHIKAMA discovered at Chatzuyao in a coal seam 
is a Jurassic mammal in the family Amphidontidae of the Panto- 
_ theria. 


f. Pulantien Formation. 


This covers a large area east of the railway line between Wafang- 
tien and Pulantien, and is quite different from the Wafangtien forma- 
tion in that the degree of deformation is much lessened. It reveals 
two cycles as below: 


Shale with sandstone and conglomerate, 350 m. thick. 

Sandstone with some conglomerate, 350 m. thick. 

Conglomerate, 500 m. thick. 

Shale and sandstone with some conglomerate, 450-580 m. 

Variegated tuffaceous sandstone and shale with a basal conglomerate, 1,000 m. thick. 


Been lek oti? 


It lies discordantly on the Pre-Cambrian rocks; the basal conglo- 
merate contains a great deal of quartzite, phyllite and gneiss besides 
some shale, limestone, porphyrite, quartz-porphyrite and volcanic rocks. 
The boulders of the conglomerate are often large, attaining 80cm. in 
diameter; and the conglomerate is sometimes interbedded with sand- 
stone. It is probable that the surrounding land was rugged at the 
beginning of the Pulantien epoch. Protocedroxylon araucarioides (GO- 
THAN) was procured from the variegated tuffaceous beds. Plicatounio 
naktongensis KOBAYASHI and SUZUKI in the next higher bed at Hifumi 
pass suggests that the lower Pulantien (a-b) belongs to the Naktong 
series. Accordingly, the upper Pulantien (c-e) is probably a member 
of the Shiragi series. 


g. Volcanic Rocks. 


Diorite, porphyrite and porphyry are found at some places in the 
eastern gneiss area. On the east side of Tahoshangshan some sheets 
of granite porphyry are imbedded in the Tahoshangshan series. 

On the west side of the Chinchou fault, the igneous rocks intrud- 
ing the sedimentaries are mostly basic hypabyssals. Among them 
sheets of nephrite-like rock are most common and attain 50 to 100 m. in 
thickness. Basic dykes are found along faults, or fissures parallel to the 
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faults, and their breadth generally measures several meters, but one 
near Sanshihlitun is 700m. wide and 1,600 m. long. 

For dating the most important is the Mesozoic terrain. Andesite 
and diorite are found at the thrust by which the Lower (?) Jurassic 
Wafangtien formation is disturbed. At Kanchiatum, dolerite intruding 
the Middle Cretaceous Pulantien formation extends in the direction of 
N15°-35°EK forming a dyke. From these facts it can be judged that 
some of the igneous rocks are related to the late Jurassic Taiho dis- 
turbance, but others are younger. 

While andesite boulders are found in conglomerates of the Pulan- 
tien formation, it is mainly tuffaceous and intercalates with a flow of 
andesite northwest of Sunchiatun and is intruded by andesite dykes at 
some places. Thus, there are andesites of various ages. At the same 
time it is certain that volcanic eruption has taken place in the Creta- 
ceous period. It is inferable also that the intrusion of diabasic rocks 
along some faults are related to the late Cretaceous or Tertiary block 
movement. 


h. Younger Sediments and Topography. 


Remnants of an old flat plane are found in the mountainous region 
at the altitude from 300 to 400m. It is the possible correlative of the 
Roppyakusan plane in Korea. A clear-cut monadonock stands on this 
peneplain at Tahoshangshan. This cycle of erosion terminated with 
the middle Tertiary block movement. Subsequently the piedmont plane 
called Koneiji (Kuangningszu) was brought to being in this region. It 
is mainly rolling hills of 120 to 200m. above sea-level. Loess on the 
slope or in depressions in these hills seldom exceeds 25 m. in thickness. 
As the plane is covered by loess, it is older than the Malan stage. 

Redeposited loess is distributed in the lowlands. Mammoth remains 
were discovered in a clay bed at Lunwangtang in Dairen. Similar clay 
beds are found in lowlands near Pulantien, Kaiping, Takushan and else- 
where. The low plane at the top is 20 to 34m. high. This is called 
the Liaotung peneplain or the Hishikwa (Pitzuwe) plane and is consid- 
ered to be the correlative of the Rakuroan peneplain in North Korea. 

The present valley carves this plane. Due to the slight subsidance 
in the near past, peat beds accumulated at places along the coasts of 
the Pohai and Hwanghai seas. Among these beds the one at Pulantien 
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is famous for the inclusion of Nelumbo seeds still capable of budding. 
Salt fields at Dairen, Wuhutsuei and several other places are intertidal 
flats, or places where the sea bottom emerged in the final phase of 


upheaval. 


3. The Eastern Part of the Peninsula. 


The peninsula on the east side of the Chinchou fault is mainly 
occupied by the ancient basement complex. The Shogen group, how- 
ever, appears at Pitzuwe and Heitao. A typical display of the Taho- 
shangshan series is found at Tahoshangshan, east of Chinchou whence 
its name is derived. It forms a monadnock on the high plain and is 
folded and cut by faults in the Sinian and Korean directions. 

At Tangchiakou the lower Heian group along with the Ordovician 
formation is folded and sunken in the form of a graben trending NW. 
The quartzite of the Shogen group lies on its northeast side and the 
limestone of the Shogen group lies on the other side of the graben. 

It is noteworthy that the overturned folding near Chinchou, of 
which a lengthy description is given below, becomes vertical and gen- 
tle toward the east. This tendency of deformation is suggestive of 
the folded structure which has existed on the gneiss basement near 
the south coast of this area. 

OGURA (1988) called attention to parallel dykes which he had 
studied at Liangchiatien, Pitzuwe and Wolungtun. South of Pulantien, 
for example, are innumerable dykes of quartz porphyry running NNE 
to SW. They are independent of the gneissosity in this region in that 
the leading trend of the latter is equatorial. The dykes are discrepant 
also with the Chinchou fault in the NNE direction. 


4. The Western Part of the Peninsula. (See Geol. Map. II). 


Because the folds and thrusts in this area are cut by a complicated 
mesh of faults, it is very difficult to restore the original structure. 
Thanks to MATSUSHITA’s elaborate work, however, recumbent folds and 
thrusts toward the northeast emerged by elimination of the secondary 
displacement. This folded zone is composed of the Shogen group, about 
7,000 m. thick, the Chosen group, about 1,800m. thick and the thin 
lower Heian group, about 200 m, thick, or a total of about 8,500 meters 
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of the three sedimentary groups. The gneiss complex at their base is 
not exposed. Broadly speaking, it is a large synclinorium. Hence the 
Tahoshangshan series is exposed on the northern and southern peri- 
pheries and is especially extensive in the Ryojun projectile west of 
Dairen. This synclinorium, however, is dissected by the Chinchou 
thrust. One can see the three groups in the northern terrain, while 
its south side is occupied by the Shogen group. Therefore the large 
synclinorium can be divided into the southern anticlinorium and the 
smaller scale northern synclinorium which are separated by the Chin- 
chou thrust. 


GFE ASS ee ee SEN 


Fig. 15. Generalized Profile of the Liaotung Peninsula. 
(After MatTsusnHirTa, but modified). 


N. Nanshan Thrust C. Chinchou Thrust 4, Palaeozoic Formations 
3. Nanshan Series 2. Kuantung Series 1. Tahoshangshan Series 


In the northern synclinorium the Heian group is found at Chien- 
shihhueiyaotzu northwest of Chinchou. Thus, the main axis of the 
synclinorium is much deviated to the south. The southern anticlino- 
rium is thrust upon this subsided part of the northern synclinorium, 
the front of the thrusting body being marked by the Chinchou thrust 
line. The central and southern parts of this synclinorium to the south 
of Sanshihlipu is mainly occupied by the Chosen group. There is the 
Lashushan homoclinal anticline extending southeast from the Lashushan 
projection, by which the area of the Chosen group is divided into the 
northern and southern parts. On each side of this principal anticline 
is an auxiliary one, namely, the Chitingshan anticline on the north 
and the Houshihhueiyaotun anticline on the south side. Farther south 
is the small Chienshihhueiyaotzu syncline, the axis of which is indicated 
by the Heian group. The northwest side of this area is intensely 
folded, but the folding decreases southeastward till it results in 
gentle undulations near the Chinchou fault. 

The northern synclinorium is thus quite asymmetrical, having its 
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main axis near its southern margin. The Chinchou anticline within 
the synclinorium is recumbent and is thrust upon itself as seen at 
Lungwangmiao on the western shore. The major part of this Decke 
is now eroded out, but north of Taiweichiatunhuei, Chienshihhueiyaotun 
and Yaochiatun, it can still be seen that the Lower Ordovician for- 


mation lies on the lower Heian group. 


Fig. 16. Two Restored Profiles of Chinchou Area. (After MATSUSHITA). 
(Upper and Lower ones respectively through the Western and 
Eastern Part of this Area). 
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In the stretch between the Chinchou thrust and south Dairen 
there is an extensive display of the middle and upper Shogen group. 
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On the south side of the Chinchou anticline is the recumbent antic- 
line of Nanshan which is thrust upon the former, forming the Nan- 
shan thrust. . 

The lower limb of the Nanshan anticline is cut off by thrusting. 
Its upper, or southern limb is indicated by a broad saddle of the 
Kuantung series which is gently inclined toward the south. Further 
south is a syncline and an anticline. The latter is the Kuanchingtzu 
anticline whose northern limb is cut by the Kuanchingtzu and Hai- 
miaotuotzu thrusts. The northern syncline beneath the Haimiaotuotzu 
thrust forms a minor anticline near the Chuanshueiyentzu thrust 
along the northern margin where it is thrust upon the Nanshan 
anticline. 

The Kuanchingtzu anticline strikes equatorially east of Chou- 
shueitzu, but turns abruptly to the north in the west. There it 
develops into an anticlinorium comprising the eastern and western 
Yushan anticlines. This is a narrow fluted zone between the south 
limb of the Nanshan anticline and the Yuchiatun dome. Further on 
is the Panchiiantzu basin of the Nanshan series on the Pohai coast. 
The Yuchiatun dome, which is composed of the lower Kuantung 
series, reveals a northern projection of a large anticlinorium in 
which the Tahoshangshan series is well developed. 

The above mentioned structure is further complicated by three 
systems of faults. The oldest is the strike fault system (I) NNE 
to ENE trending faults belong to the next system (II). The last 
system is represented by the NNW to NW trending faults (III). 
The first system comprises reverse (Ia) and normal faults (Ib). For 
example, the upthrust extending southward from the northern limb 
of the Lashushan anticline belongs to the Ja group. No thrust of 
the Ia group is found on the south side of the Chinchou thrust. It 
is a general tendency for the Ib group of faults to have the down- 
throw on the side of a syncline, instead of an anticline. Among the 
Ib group of the tension faults there are three kinds as follows: 


Ib! Those parallel to the thrust, Chinchou-Tungmen fault for example. 

Ib2 Equatorial to NE trending faults at Tahoshangshan, Luotuoshan, Chipanme, 
Lioushutun and other places, and their companion faults, some of which are hinge 
faults. Some are intruded by diabase. 

Ib? NW trending fault of Chungkechenpao and WNW trending fault of Taimaoyingtzu 
where the former is a hinge fault and the latter has its downthrow on the 
north side. : 
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Fig. 17. Geological Map of Chinchiachengtzu-Hsitao Area. 
(After Ayor, KoBayasut, NAKAMURA, SOO and Nopa). 
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The faults of the II group commonly trend in a NNE direction 

and less commonly a NE or ENE direction. They are mostly normal 
faults, but partly are hinge faults. Some of them bear topographic 
Significance. Among them the most important is the Chinchou fault 
which bisects the peninsula. This fault is indicated by a disturbed 
zone dipping about 40 degrees, along which the western block has 
slipped down several hundred meters. A short distance west are 
some parallel faults, which as a whole may be called step faults, 
although a few exceptions have the downthrow on the opposite side. 
Further west, the terrain is dissected into horsts and grabens by 
» faults of the same trend. 

The Chinchou fault extends south of the Chinchou thrust. On its 
west side are the Taifangshen, Chinchoupeimen, Nankuanling, Leishan 
and Tayiishan faults. The Kechenpao fault which runs meridionally 
across the interval between the last two faults is intruded by a 
diabase dyke. The Liangyenching fault on the west side of Tayiishan 
describes an arc with convexity to the east and is intruded by diabase 
at Liangyenching, but cuts a diabase dyke at Nankuanling. Therefore 
it is presumed that the intrusion of the diabase is nearly simultaneous 
with the block movement. 

Finally the faults of the III group trend in a NNW to NW direc- 
tion in general, but rarely run in the direction a little west of north. 
The Chinchou fault is dislocated by faults of this kind which are evi- 
dently the products of the diabase intrusion. The Hsiachiahetzu, Yang- 
chuantzu and Chienkuantun faults in the south belong to the group III. 


5. Wuhutsuei Basin. (See Geological Map III). 


On the north side of Yatang bay is a large structural basin. On 
its northwest side beyond the Fuchouho river is the Fuchou syncline 
with the Cambrian of Tsianghsingtao island along its axis. At the 
eastern end of Yatang bay is the ancient gneiss of Tawangshan. 
qarouen Tientaishan this is linked to the Taipingkou inlier of the 
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pre-Hsiho metamorphic rocks by the Tiaoyutai quartzite. The Wa- 
fangtien and Pulantien basins lie on the east side of this anticlinal 
ridge. 

The anticline stands on the eastern wall of the Wuhutsuei basin 
which ig composed of the Shogen group, about 2,000 m. thick ; the 
Chosen group, about 1,000 m. thick; and the lower Heian group, about 
200 m. thick. Because the basin structure is asymmetrical, the dis- 
tribution of the Palaeozoic formations is restricted to the southwestern 
part of the Chinchia basin. This, too, is asymmetrical as is indicated 
by the Heian group near the southeastern corner of the Chinchia basin. 
The Ordovician and Upper Cambrian formations are abruptly bent up 
along the coast of the south sea or Nanhai. 

The east side of the basin is delimited by the Wangpashan thrust. 
The eastern Chiaotou quartzite is thrust at a low angle upon the 
western Wuhangshan and Cambrian formations along this tectonic line 
which rises northward from Paochiatao isle. The coast line has a 
deep indentation north of this isle, forming an inlet called the Tung- 
hai or east sea. There, the folded belt in front of the Wangpashan 
thrust is submerged, but it is seen in the hills of Waitoushan that 
the fold axis of the Lower and Middle Cambrian formations has 
migrated toward the north. The long Hanchiachuang anticline is on 
its west side. 

Along the west side of the Tunghai through Taishan and Mashan 
the Ordovician formation forms the eastern wall of the Chinchia basin. 
At Sanlengshan and Taoershan the Ordovician and Heian formations 
change their strike abruptly to form an acute angle where they are 
partly overturned. From the apex of this angle the Heian group ex- 
tends along the bisectrix, forming a low hill where the group lies 
horizontally. 

Although the Chinchia area is cut by numerous faults, it is still 
a typical basin topographically as well as geologically. The hilly land 
is surrounded by the ridge-making Ordovician limestone. The Cambrian 
rocks are distributed on the outer circle. The Wuhangshan series is 
widely distributed farther northwest, and the Lower Cambrian occurs 
in the Yuanchiakou basin. 

The Chinchia basin and the Pachiashan syncline each measures 6 
km. in breadth. They are separated by an anticline extending from 
Laoyufang toward the southeast. A subparallel anticline exists on 
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either side of that anticline. The eastern one is the above mentioned 
Hanchiachuang anticline and the western one is called the Sanching- 
kung. Both have their axes inclined toward the southeast. 

The Hsitao area is separated from the Chinchia basin by the 
Sanchingkung anticline, which contains the Panlatao limestone. At 
Yuntaishan the limestone is overlain disconformably by the Chosen 
group and underlain conformably by the black limestone of Chinchia. 
They dip to the south and on the north side are thrust upon the 
Lower Cambrian. 
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Fig. 18. Profiles of Chinchiachengtzu (Upper) and Hsitao Area (Lower). ; 
(After NAKAMURA and Soo). 
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Thus the Hsitao-Chinchia basin suffered thrusting from the south 
and east sides with the result that its structure became asymmetrical. 
While the strata are fluted or steeply inclined near the two margins, 
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they slant gently on the northwest side; there are some broad undu- 
lations, as noted already. On the northeast side there is a centrifugal 
thrust of Sunchiatun along which the Chiaotou quartzite is pushed upon 
the Lower Cambrian of Hamakou in the east and the Kaochiatun shale 
at Sunchiatun in the west. 

In the Chinchia basin there are numerous faults. One of them is 
the Chinchia fault running from NE to SW through the west side of 
Chinchiachengtzu. It is a large fault along which the southeastern 
side has sunken. Most other faults trending NE, NNE, NS or NNW, 
however, are minor. At Lienhuashan in the southeastern part of the 
Pachiashan syncline are three step faults downthrown on the NW side. 

The area between the Wangpashan thrust and the Tientaishan 
anticline is called here the Lankushan area. This occupies the outer 
belt of the Chinchia basin where the Wuhangshan and Hsiho series 
are widely distributed. Some thrusts toward the east or west are 
generally found within the Nanfen shale and marl formation. The 
Chiaoyiitai quartzite lying on the gneiss of Tawanshan marks the 
eastern margin of the large Wuhutsuei basin. In the northern part, 
the Chiaoyutai quartzite is thrust upon the younger members of the 
Hsiho series at some places. 

Though complicated by undulations and low angle dislocations, it 
is generally accepted in the Lankushan area that the older formations 
are developed on the east and the younger ones on the west side. 
Such meridional zones extend southerly as far as the northern coast 
of the Yatang bay where they are cut by an equatorial tectonic line. 
Along the eastern part of the coast the Chiaotou quartzite and the 
younger formation to the south are thrust upon the Nanfen shale along 
the tectonic line which takes a meandering course. This is the Yatang 
tectonic line. It is considered to run across Yatang bay diagonally 
and reach Chientailientao isle where the Chinchia black limestone slips 
upon the Chaiotou quartzite. 

This line is aligned with the below mentioned Pulantien fault en 
échelon. They indicate the old and young dislocations of the boundary 
between the peninsula and its neck. It is difficult to say that the 
Yuntaishan thrust of Hsitao occupies the western extention of the 
Yatang tectonic line, but at any rate they are all products of the 
thrusting of the southern area upon the northern. The northern 
area can be divided into the Wafangtien-Pulantien area, the Lanku- 
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shan monoclinal area and the Chinchia-Hsitao basin by the Tientai- 
shan anticline and Wangpashan thrust line. 


6. The Wafangtien and Pulantien Basins. (See Geol. Map III). 


On the east side of the Tientaishan anticline there are the Wa- 
fangtien and Pulantien basins and further on an extensive display of 
the ancient granitized basement. The Pulantien basin of the Creta- 
ceous formation is delimited by the Pulantien fault on the south. 
Running along the southern coast of the Yatang bay and passing 
through the southern side of Pulantien, it extends in the direction 
slightly north of east. There the Hsiho series is directly overlain 
by the Cambrian. 

In the Wafangtien basin in the north there are patches and strips 
of the Jurassic Wafangtien formation. The Cretacous Pulantien for- 
mation on the other hand occupies the large area of the Pulantien 
basin in the central and southern parts. These Mesozoic formations 
afford an indispensable key to analysing the tectonic development. 

As mentioned already, the base of the Jurassic is marked by a 
remarkable discordance. Therefore it can safely be concluded that 
before Jurassic sedimentation the older formations were folded, most 
probably by the Shorin disturbance. 

The bed rocks on which lies the Jurassic formation belong mostly 
to the Cambrian formation. Broadly speaking, its upper part is well 
developed in the central part of the basin and so is its lower part 
around the margin. The Hsiho series is distributed in the further 
outer side, if the secondary dislocation is eliminated. Therefore the 
depression of the Wafangtien formation also must have been a struc- 
tural basin of the Cambrian formation. It is noteworthy that the 
Jurassic lies on the Cambrian with angular unconformity at some 
places. This fact, together with the variation among the Cambrian 
‘rocks, shows that the basin structure was complicated by local fold- 
ing to some extent. 

This structure was later modified considerably by the Taiho 
disturbance. Among the thrustings in which the Wafangtien forma- 
tion takes a role, there are three important elements. One is the 
Yuntaishan Pseudoklippe. The second is the Wafangtien Decke and 
the third the thrusts at Chatzuyao and other places within the basin. 
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Fig. 20. Two Profiles of the Wafangtien Basin. (KOBAYASHI et al.) 
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The pre-Hsiho phyllites and dolomites near Chinchangtun are in- 
truded by andesite, and are thrust upon the Jurassic north of Hsiao- 
linchiatun. This thrust is dislocated toward the south and recurs 
south of Wangchiatun, southeast of Wafangtien. There a small 
Klippe is found on the Jurassic in front of the thrust. 

These metamorphic rocks are overlain by the Chiaoyiitai quartzite 
at Yuntaishan. Southwest of Wafangtien, the phyllites are thrust on 
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the Jurassic or the subjacent Cambrian. Because the pre-Hsiho meta- 
morphics are always in thrust contact with the J urassic or Cambrian 
formation, it is an interpretation that they form an exotic mass trans- 
ported from a remote place, but there is no Wurzel of such a Decke. 
In my opinion they form a parautochthonous Pseudoklippe which was 
squeezed out by compression of the Taiho movement. 


Fig. 21. Profile of the Southwestern Margin of Wafangtien Basin. (After SAITO). 
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Northeast of Wafangtien there are a chain of Klippen com- 
posed of the Chiaotou quartzite. They lie on the Lower Cambrian 
in most places, but on the Jurassic near Lichiayao. On the west 
side of the railway line is the autochthonous Chiaotou quartzite which 
is overlain by the Cambrian, which in turn is overlain by the Jurassic 
formation. This belt must be the Wurzel of the Wafangtien Decke. 
Due to the difference of competency for lateral pressure, the rigid 
Chiaotou quartzite presumably was slipped upon the plastic Lower 
Cambrian shale and was transported tangentially. The dislocation of 
the Decke attains about 4km. at the maximum. 

The centripetal thrustings from the northwest and south sides 
caused the Cambrian and Jurassic formations of the Wafangtien basin 
to be contorted, yielding some thrusts in themselves. At Chatzuyao 
the Jurassic formation is thrust by the Cambrian on the east side, 
strongly disturbing the Cambrian on its west side. There is a thrust 
in the opposite direction within the Cambrian strata which extend 
from Kaoshantun to the northeast. It may be an accessory disloca- 
tion in front of the Wafangtien Decke. 

The basin structure thus intricately disturbed by the Taiho move- 
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ment was further complicated by vertical dislocations in various direc- 
tions. The NE to ENE and NW faults are common. It is the tendency 
for them to form horsts and grabens. In addition to them, there is a 
large meridional fault running from Wafangtien to the south along ° 
the railway line. 

The Cretaceous formation is a filling of the post-Taiho basin 
surrounded by rugged mountains. Judging from its lithofacies, it was 
deposited immediately after the disturbance. Because it is largely cut 
by faults on the east and south sides, it is certain that a strong block 
movement has occurred in the late Cretaceous or Tertiary period. 

Cut by the NE fault through Tachengchiatun and Tawangchiatun, 
the Cretaceous is in contact with the gneiss complex. Because of the 
lack of any gneiss boulders in its conglomerate, it is presumed that the 
gneiss basement must have been covered by the Hsiho series before 
the dislocation. The southern boundary fault of the basin belongs to 
the same system. 


7. Discussion and Summary. 


In the Liaotung peninsula the pre-Shorin sequence is quite different 
between the northern and southern area with the Yatang tectonic line 
as their boundary. As shown in the table IX inserted below, the sub- 
sidence was three times greater in the southern than in the northern 
area. Among the three major stratigraphic units the difference in 
thickness is especially great in the Shogen group, which shows a re- 
markable difference in the amount of subsidence between the kratonic 
mass of Heihoku on the north and the geosynclinal zone of Heinan 
on the south. The Shogen group is not thinner in the Chaeryong- 
gang (Saineiko) belt of North Korea than in the Liaotung peninsula, 
but is reduced to less than 2,000 m. thick in the central and northern 
parts of the Daidoko (Taedonggang) basin. Nevertheless there is no 
large break between the Shogen and Chosen groups. Therefore this 
difference must indicate differential subsidence among the parts of the 
geosyncline. It is certainly noteworthy that the stratigraphical break 
at the base of the Cambrian system becomes larger from the south to 
the north in the Liaotung peninsula. Within the northern area it is 
larger in the Wafangtien area than in the Wuhutsuei basin. In fact 
the Wuhangshan series is completely missing in the eastern area. 
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Table IX. Difference in Thicknesses of the Pre-Shorin Sediments 
between the Two Sides of the Yatang Bay Tectonic Line. 


Formation South Area North Area 
Heian group Ca. 200m. Yatang Tectonic Ga, 200 m. 
Chosen group Ca. 1,300 m. : Ca. 1,000 m. 

Line 
Shogen group — 7,000 m. Cate 2,200 mm: 
Total Sum Ca. 9,000 m. Ca. 3,000 m. 


Farther north is the Yungning sandstone which indicates a fossil 
delta wedging into the Wuhangshan series and expanding toward the 
west. These facts on a whole show that the Heihoku land existed in 
the middle Shogen period. In the latter half of the Shogen period 
the northern massif was elevated reciprocally to the subsidence of 
the geosyncline and underwent erosion. The clastic material thus 
produced was transported from the land to the geosyncline. During 
this land period the topographic relief of the massif is thought to 
have been greatly reduced. 

In view of the uniformity of the thickness of the Chosen group 
and the preponderance of the calcareous rocks in it is understood 
that the differential movement between the two tectonic units was 
greatly reduced in the Cambro-Ordovician period. After the pro- 
longed Middle Palaeozoic land period, these areas were submerged 
and the Heian group was deposited, but the local variation of its 
facies and thickness between the two areas is slight. 

The present geologic structure has resulted through repeated 
crustal deformations. The Yatang tectonic line is an important bound- 
ary between the two tectonic units. Another important boundary is 
the Chinchou fault. From the tectogenetic point of view the Liaotung 
peninsula can be classified into four kinds of areas as follows: 

—A Strongly Subsided Area: ---....-- Distribution of the Heian-Chosen Group. 
—B Moderately Subsided Area:.----- Distribution of the Middle and Upper Shogen Group. 
+B Moderately Elevated Area:.------ Distribution of the Middle and Lower Shogen Group. 
+A Strongly Elevated Area: «-----..- Distribution of the pre-Shogen Basement. 

When so classified and schematized as in table X, it can hardly 
be overlooked that there was a subsiding NW axis as indicated by 
three minus As. The elevating NE axis through +A —B and +B 
crosses the subsiding axis at right angles. When viewed equatorially 
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Table X. Alternating Disposition of Positive and 
Negative Elements in the Liaotung Peninsula. 


—A +B —A 
| ’ fey: mei y 
| — : Ee Face Ti 


or meridionally, the positive and negative elements are found to be 
arranged alternately. They are combined in a checker pattern. More 
precisely, the northern area can be divided into the western, middle 
and eastern areas or the —A, +B and —A elements by the Wang- 
pashan thrust and the Tientaishan anticline. West of the Chinchia 
basin there is a moderately subsided area (—B) of Fengningtao and 
Hsichungtao, while on the east side of the Wafangtien-Pulantien basin 
there is the gneiss terrain (+A). 

On the south side of the Yatang line the strongly subsided area 
(—A) of Chinchou-Sanshihlipu lies in the west and the extensive 
gneiss terrain (+A) in the east. Further east is the moderately 
elevated area (+8) of Pitzuwe-Taichangshantao. On the south side 
of the above mentioned gneiss terrain there lies the subsided area 
(—A) of Tangchiakou where the Heian group is encountered. On 
the south side of the Chinchou-Sanshihlipu area is the Nanshan-Nan- 
kuanling area (—B) and to its southwest is the Ryojun or Port 
Arthur area (+B). 

This lineament of the positive and negative elements reveals the 
total sum of the endogenetic and exogenetic phenomena which have 
taken place at least since the end of the Palaeozoic era. The amount 
of erosion differs greatly between the subsided and elevated blocks. 
Furthermore, the horizontal variation in facies and thickness of the 
Palaeozoic formation is slight. Therefore it is not difficult to imagine 
that the Shogen group has been capping the basement to a certain 
extent: for example: the gneiss mass east of the Chinchou fault. 

It has long been thought that the late Mesozoic Taiho disturbance 
is responsible for the folded structure of the Liaotung peninsula. 
HORIUCHI, however, pointed out that the base of the Jurassic Wafang- 
tien formation is marked by a strong discordance. There the Jurassic 
sediments accumulated on the structural basin of the Cambrian for- 
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mation. It is certain that the quartzites of Tiaoyiitai and Chiaotou 
have resisted against such a compression. In view of the basin 
structure of these rigid formations on this kratonic mass, it is easy 
to imagine that the more plastic rocks in the geosynclinal zone have 
been disturbed more strongly by the same movement. 

Is it too much guessing to say that the geosynclinal zone emerged 
and became a folded mountain range during the Shorin disturbance ? 
The Wafangtien formation is thought to be a lacustrine deposit in the 
frontal basin of this range. Due to the lack of the Mesozoic forma- 
tions in the peninsular part of Liaotung, the tectonic development of 
the geosynclinal zone can hardly be divided into the Shorin and Taiho 
phases. There the development can be learned only through the study 
of tectonics in the Wafangtien basin and by the comparison with the 
geology of South P’ydngan-do and Hwanghae-do areas in North Korea 
which belonged to the same geosyncline. As discussed already in great 
detail, the Shorin disturbance was the principal phase of the crustal 
movement through which the pre-Shorin formations were strongly 
folded and thrust. The geologic structure thus produced was further 
complicated by thrustings and slidings in the Taiho phase. 

Judging from the existing structure, a gentle synclinorium and 
anticlinorium must have been two embryonic folds respectively in the 
northern and southern parts of the peninsula to the south of the 
Yatang line. If the southern anticlinorium of the Shogen group is 
compared with that of the Saineiko (Chaeryong-gang) belt, the north- 
ern synclinorium corresponds to that comprising the Koshu (Hwangju) 
basin and the Chuwa (Chunghwa) area in North Korea. In the Liao- 
tung peninsula the synclinorium was asymmetrical, having its subsid- 
ing axis in the south upon which the anticlinorium was overturned 
and developed into a Decke yielding the Chinchou thrust between them. 
Later this fundamental structure may have been deformed, yielding up- 
thrustings and slidings of the Taiho phase, but the destruction by still 
later faulting was greater in this peninsula. 

It is interesting to see that the deformation which the Wafangtien 
basin has suffered, is very similar to what has occurred in the western 
coal-field of Pyongyang. The Wafangtien Decke of the former is com- 
parable with the Kinsai or the Taiho Decke of the latter. Likewise, 
the Giyo thrust of the latter takes a similar position to the northerly 
thrusting line of the Yuntaishan Pseudoklippe in the former area, The 
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Jurassic and Cambrian formations of the Wafangtien basin were thrust 
in themselves and folded beneath these thrusting sheets from the two 
sides, as was the Daido series of P’yingyang and Kosai beneath the 
similar centripetal Decken. It may, however, be appropriate to com- 
pare the Tokusan Decke near Samding (Santo) with the Yuntaishan 
Pseudoklippe which is outlined by the centrifugal thrusts on its two 
sides. Thus the mode of crustal deformation which the Wafangtien 
formation has suffered before the Pulantien period is essentially the 
same as that of the Taiho phase in the Daidoko basin in North Korea. 

The series of these thrusts in the two regions are not the dis- 
locations developed from the recumbent foldings but a kind of upthrust 
or intraformational sliding caused by compressive block movement, 
although they may happen to take the form of low angled thrusts. 
Slidings of this kind are seen also along the anticline of Tientaishan 
where the Tiaoyititai quartzite is thrust up toward the east or west. 
There are also some Pseudoklippen. Farther northwest, as far as the 
Wangpashan thrust, the Shogen group is dislocated at some places by 
submeridional thrusts. In North Korea there are some thrusts in the 
similar trend, the Ahari or Suinyu thrust, for example. It is the 
tendency for these thrusts in the Lankushan area that the dislocations 
alternate between east and west and the quartzite formation is shifted 
up. Therefore these dislocations belong to the same system as the 
thrusting of the Chiaotou quartzite upon the Cambrian in the Wafang- 
tien area. The dislocation lines of the system are cut by the sub- 
equatorial Yatang tectonic line. 

Thus, on the north side of the Yatang bay, the embryonic basin 
structure of the Shorin phase in which there were some sharp foldings 
was later deformed by the compressive block movement of the Taiho 
phase. It was astonishingly similar to what has been seen in the 
Heinan orogenic zone of North Korea. 

Along the Yatang line the south side was pushed up toward the 
north. Although the line to the west of Chientalientao lies concealed 
below the sea-level, the push of the southern side toward the north 
is clearly indicated by the overturned Ordovician at Taoershan and 
the similar structure at Yuntaishan in the Hsitao area. It is reason- 
able to consider that such an upheaval has produced an upthrust 
toward the south within the Lashushan anticline. These series of 
block foldings were followed by a tension movement through which 
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strike faults are thought to have come into existence. 

This block movement was accompanied by volcanic eruption. The 
pyroclastic materials accumulated in the Pulantien basin. The Pulan- 
tien formation consists of two cycles of sedimentation, suggesting the 
rejuvenation of erosion at their transitional interval when the region 
suffered folding or even tension faulting caused by excess of compres- 
sion. Thus the Pulantien formation was probably in the making when 
the late Mesozoic block movement was still going on. It is cut by 
faults of later ages. In the eastern part of the Kogendo limestone 
plateau in South Korea a block movement and related igneous activity 
took place near the end of the Cretaceous period. Seeing that the 
late Mesozoic granite is not extensive in the Liaotung peninsula, the 
block movement may not have been strong. 

Generally speaking, Palaeogene was the tranquil period for Eastern 
Asia when erosion advanced in Korea and Manchuria. At length the 
region was levelled to the Roppyakusan peneplane. Through the 
Middle Tertiary block movement this plane was displaced. In the 
Liaotung peninsula the faults in the Sinian trend are more developed 
than those in the Korean trend, while the reverse is the case of the 
Daidoko basin. The Chinchou or Angaku fault is the most signi- 
ficant one respectively of the former or latter area. They are dif- 
ferent in direction but agree in low angles of the dislocation planes. 

In short, the folded structure of this region which used to be 
considered as a product of the Taiho disturbance is not so simple. As 
the result of this tectonic analysis it is found reasonable to consider 
that the fundamental structure which had been established by the 
Shorin disturbance was modified secondarily by the Taiho disturbance 
to a great extent. This fundamental architecture started with em- 
bryonic domes and basins which were arranged alternately in a checker 
pattern. In the geosynclinal zone the embryonic fold developed re- 
spectively into an anticlinorium and a synclinorium, till at length they 
become overturned and cut by thrusts. Through the Shorin disturbance 
the zone turned out a quasikraton. Together with the kratonic mass 
in the north it was later deformed the block folding of the Taiho 
phase, causing upthrusting and sliding at places. These dislocations 
occurred in the northern area along various trends, but south of the 
Yatang bay the upthrust lines run mostly in a direction concordant 
with the fundamental structures. 


Chapter IV. 
The Taitzuho and Yalu Tributaries in South 
Manchuria and North Korea. 


1. Introduction. 


There are many papers dealing with the stratigraphy of this 
region in addition to some discussing its geologic structure. Several 
geological sheet maps and their explanatory texts have also been 
published, but no tectonic synthesis of this region has as yet been 
attempted. 

I have carried out field work in some detail in the Penhsihu and 
Niuhsintai basins and the Ch’osan (Sosan) area and have made geologic 
reconnaissances from Liaotung to Hsiaoshih and from Manp’ojin (Man- 
pochin) to Huch’ang (Kosho). Although they are important places, my 
own observation is limited. Furthermore the precise descriptions 
of local geology, published and unpublished, concern only a small part, 
if compared with the vast terrain of the two valleys. While the strati- 
graphy of the Heian and older formations and rocks are fairly well 
established, much remains to be studied on the Mesozoic before analys- 
ing the Mesozoic and later movements into phases. 

Under these circumstances the synthesis cannot help but prelimi- 
nary. Nevertheless intensive studies in some selected areas enable one 
to grasp the concept of the regional geology with some accuracy. 
Therefore it is possible to understand that this geology bears charac- 
teristics quite distinct from those of the Yokusen and Heinan zones. 
The upper Hunchiang and middle Yalu tributaries provide typical 
examples of kratonic fragmentation, while the Taitzuho river district 
is an excellent example of quasikratonic deformation. 


2. Stratigraphy. 


From the tectogenetic standpoint the rocks and formations of the 
Taitzuho zone can be classified into the following three groups :— 

A. Pre-Hsiho basement complex. 

B. Hsiho series, Chosen group and Heian group, all deformed by Mesozoic distur- 


bances. 
C. Mesozoic and later sediments and igneous rocks. 
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a. Pre-Hsiho Basement Complex. 


Ancient schists and gneiss are mostly distributed on the north and 
south sides of basins along the Taitzuho valley. On the south side 
there is the Matenrei (or Liaoho) group composed of metamorphic 
rocks of sedimentary origin. Its sequence with the carbonate facies 
in the middle part reveals a grand cycle of sedimentation, attaining 
several thousand meters in total thickness. It is intruded by the 
Tueimienshan granite. The Anshan series composed of sericite-schist, 
quartz-schist, actinolite-schist and so forth, overlies the granites and 
metamorphics and is intruded by the Kungchangling granite. The age 
of fergusonite related to the latter granite is estimated 770 x 10° years. 
The Shoushan formation which is considered to occupy the upper part 
of the Anshan series, consists of tuffaceous sandstone, tuffaceous shale 
and quartz-trachyte and is overlain unconformably by the MHsiho 
series. 


b. Hsiho Series. 


This is divisible into the Tiaoyiitai quartzite, Nanfen shale and 
marl and the Chiaotou quartzite in ascending order. 


(1) The Tiaoyiitai quartzite is light brown, gray or white in colour and is occasionally 
conglomeratic near the base. Dreikanters are found in the basal conglomerate near Anshan, 
and hematite layers are contained locally. The thickness of the quartzite varies from 3 to 
250 m. 

(2) The Nanfen shale and marl formation is 50 to 250m. thick; marl is developed in 
the lower part whereas shale is common in the upper part. 

(3) The Chiaotou quartzite formation comprises some shale and marl and measures 
more than 250m, at the thickest. 


The total thickness of the Hsiho series is 600m. or less in the 
Taitzuho valley, but the series becomes thicker in the Hunchiang 
tributary, measuring 1,000 to 2,000m. between the Linchiang and 
Tzuchengchiang rivers. Near Luohanku, east of Liaoyang, there is a 
clear-cut river-cliff for a long distance showing that the Chiaotou 
quartzite is overlain para-unconformably by the Lower Cambrian 
series. There the contact of the basal conglomeratic sandstone of the 
Lower Cambrian cuts the banded quartzite beds of the Chiaotou for- 
mation with a ratio of 1 to 2m. in a distance of about 1km. 
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c. Chosen Group. 


In the Cambrian system a quartzose sandstone layer of less than 
30 meters’ thickness is occasionaly found near the base. Its very base 
is often conglomeratic. Shale, however, is the leading member of the 
Lower Cambrian series, and limestone intercalated with it. The 
Middle Cambrian is built up mostly of limestone, but contains a mode- 
rate amount of shales in the lower part; reddish brown sandstone is 
frequently found in the basal part; and marl occurs occasionally at 
the top of the series. Platy limestone and intraformational limestone 
conglomerate are well developed in the Upper Cambrian, but variegated 
shale or mar! is intercalated in its lower and middle parts at places. 
The thickness of the Cambrian system is about 600m. on an average, 
but of course variable to a certain extent. : 

The base of the Ordovician system is, as a rule, marked off clearly 
by the Cryptozoon limestone. Dolomite is common in the lower or 
Wanwanian series. The larger part of the middle or Wolungian series, 
is occupied by massive limestone often with patches of chert or flint. 
Massive limestone is also common in the upper or Toufangian series, 
but not uncommon the bedded limestone. Dolomitic spots are fre- 
quently seenon them. Limestone conglomerate or so-called Wurmkalk 
is sometimes seen at the base of the Toufangian. The total thickness 
of the three series is estimated about 500 to 700 m. 


Table XI. Sequence of the Pre-Shorin Strata, about 2,000 m. 
alco in the Taitzuho Valley. 


| > Aeaichia Series, 4460 ms thick 


Heian Group 


Permian cfoutene Series, 170 m. eiicle 
About 800m. 
thick | Huangchi Series, 70 m. thick 
Moscovian Pench Series, 100- 120 m. . thick 
‘Grocer Group Griovican ee 500- 700: m. o thigke 
About 1,000 m. thick Cambrian Bormation, G0 thick 


Ciisoton Guavite over 250 m. ‘thick 
Nanfen Shale and Marl, 50-250 m. thick 
Paoyita! Sete meld less than 250 m. thick 


Proterozoic Hsiho Series 


Less than 600 m. 
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d. Heian Group. 


The remarkable differences of the group in the Taitzuho area 
from those of the Heinan and Yokusen geosynclines are that the 
limestone occurrences are restricted to the Penchi series and coal 
measures are intercalated in it in the Taitzuho area. Fire clay is 
found here in the group at many horizons; the Greenstone series 
absent. In the Taitzuho area the group is classified into the Penchi, 
Huangchi, Lioutang and Tsaichia series. 


(1) The Penchi series lies on the Ordovician in most places para-unconformably, but 
in the Hsiaoshih coal-field they are in clino-unconformable relation, indicating the Hs/aoshih 
movement. It is generally 100 to 120m. thick, but attains a thickness of 270m. in the 
east. It is composed of reddish rocks in the west, but of black shale and gray sandstone 
in the east; round quartzite pebbles contained in the basal conglomerate; some limestone 
lenses or layers and coal measures found intercalated in most sections. 

(2) The base of the Huangchi series is generally demarcated by a disconformity, but 
the clino-unconformity of the Nanpiao phase is known in the Hsiaoshih coal-field. This 
series, about 70m. thick, is the principal coal-bearing series; black and gray colours pre- 
vail. It always exists in the western basins, but may be absent in the eastern areas. 

(3) The Lioutang series, overlying the preceding conformably, is the upper coal-bearing 
of about 170 meters’ thickness. In the Hunchiang tributary it is mostly composed of light 
gray coarse sandstone. 

(4) The T'saichia series is a thicker formation, comprising about 440m. of quartzose 
sandstone and variegated shale. It appears to lie conformably on the Lioutung, but at some 
places in the Yentai basin as well as in the Hsiaoshih basin they are in clino-unconformable 
contact. In the Penhsihu basin the conglomerate of 130 meters’ thickness in the lower part 
lies on the Lioutung disconformably. In the Hunchang tributary at the top of the series 
there is false-bedded reddish sandstone, over 300m. thick, a possible equivalent of the 
Tsaichia series. 


In summary it can be said that the Heian group is about 800m. 
thick in the west, but in the east where the Huangchi is possibly 
missing, it is about 500m. thick. 

The Hsiho, Chosen and Heian formations all together give some 
2,000 m. for the thickness which is quite thin, if compared with the 
pre-Shorin sediments in the Heinan or Yokusen geosyncline. 


e. Mesozoic and Later Formations. 


A lengthy description is given here of the Mesozoic, because its 
knowledge is the prerequisite for the analysis of the tectonic develop- 
ment of this region. According to KOBATAKE (1942) the Mesozoic sequ- 
ence in the Tienshuaifukou basin is in descending order as follows: 
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(d) Sankeiling cliff-making conglomerate, over 1,000m. thick, containing rounded boulders 
with diameters averaging 10cm. and being 20cm. at the largest, mostly of quartzite 
and green siliceous rock, besides some black shale, sandstone and quartz-porphyry. 
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(c) Tawan coal-bearing formation, over 200m. thick, composed of alternating shale and 
sanstone in which syenitic porphyrite sheets of various magnitudes are inserted. 

(b) Chuanshantzu conglomerate, over 100 m. thick, containing unsorted boulders of quartz- 
ite and greenish gray siliceous rock; alternation between shale and false-bedded sand- 
stone found in the central and southern parts. 
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(a) Changliangtzu alternation of black shale and gray micaceous shale, containing suban- 
gular pebbles of dark and siliceous rocks; basal sliding often occurs on the Heian or 
Ordovician formation. 


According to SUGAI, the Changliangtzu shale lies on the Ordo- 
vician limestone with strong discordance in the eastern part of this 
basin. All except the Sankeiling conglomerate yields plants. The 
Chuanshantzu plants and Estherians show some alliance to the 
Daido fossils. KOBATAKE collected Hausmannia sp. from the Chang- 
liangtzu (?) shale west of Yangchikou, 8km. east of Chienchang. 

In the Saimaki coal-field the Jurassic coal-bearing formation, more 
than 1,500m. thick, lies on the Chosen group clino-unconformably. 
According to SuUGAI (1942) its sequence is as follows: 


I. Upper coal-bearing formation. 


Fangniukou sandstone and conglomerate 600 m. 

Panchiahsikou coal measures P —650 m. 
II. Middle coal-bearing formation 

Hsinkailing shale —700 m. 

Chuchuankou coal measures —600 m. 

Tientingshan conglomerate —400 m. 
III. Lower coal-bearing formation 

Hsiaokushantzu coalmeasures —200 m. 


Changshantzu trachytes 


These conglomerates are all alike; round boulders of fist-size to 
man’s head size are most common; some boulders are granitic. The 
plants which YOKOYAMA (1906) has described, were procured from the 
Hsiaokushantzu coal measures which are most productive in the south- 
ern part of the basin. The three coal measures are all rich in Jurassic 
plants and common members are Cladophlebis haiburnensis, Coniopteris 
burensis, Elatocladus manchuricus, and Neocalamites hoerensis. 

The coal-bearing formations constitute an anticline and two syn- 
clines, all having equatorial axes and cut by numerous faults. Among 
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and Yalu-Hunchang Tributaries. 
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them more important are a hinge 
fault .running from NNW to SSE 
through the center of the basin 
and a low angle thrust near its 
northern margin, along which the 
pre-Cambrian quartzite rides over 
the Hsiaokushantzu coal-measures, 
and the Tientingshan conglomerate, 
as well as the Chosen group on the 
north side. 

Subsequence to this disturbance 
there took place the primary intru- 
sion of granite. It was followed 
by the eruption of andesite, pre- 
sumably in the early Cretaceous 
period, because Sphenopteris goep- 
perti (?) was found in greenish gray 
sandy tuff in the lower part of the 
andesite series. Finally, the inva- 
sion of granitic magma took place 
in a grand scale. This intrusion 
may be referable to the late Meso- 
zoic Bukkokuji igneous activity. 

In the vicinity of Penhsihu the 
Mesozoic formations are distributed 
in the two sides of the Taitzuho 
river and around Chiashan, east of 
Penhsihu. The Honkeiko and Lin- 
chia formations in the west form 
a gentle structural basin, steeply 
inclined near the western margin. 

The Honkeiko formation over- 
lies the Heian group unconformably. 
Its lower 69 to 100 meters are re- 
presented by red conglomerate con- 
taining various rocks derived from 
the Heian and older sedimentaries 
and pre-Hsiho metamorphics, in 
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addition to pyroxene andesite, hornblende porphyrite, diabase and other 
igneous rocks. They vary in rounding and size to a great extent, the 
largest boulder being 50cm. in diameter; shaly layers are sometimes 
intercalated in the basal part. The upper Honkeiko, 300 to 500m. 
thick, consists of red shale and sandstone, partly tuffaceous or conglo- 
meratic; false-bedding is common. 

The Linchia formation, about 50 to 80m. thick, lies on the pre- 
ceding with erosion unconformity ; facies is easily changeable. The low- 
er part is a conglomerate bed containing large boulders of quartzite, 
50cm. across; the upper part consists of alternating beds of quartzose 
conglomerate, sandstone and vari-coloured shale; also, quartzite, gneiss, 
sandstone and volcanic rocks, less than 5 cm. in diameter, are contained 
in the conglomerate. 

Cut by a fault in the Chiashan area, the base of the Miyanohara 
formation is unexposed. Its lower part is composed of variegated 
sandstone, breccia, and conglomerate. Some pebbles resemble the Taling 
granite and others look like Nanfen marl. In addition, limestone, 
quatzite, effusive rocks, vein-quartz and others are found. The middle 
part is mostly yellowish red tuffaceous sandstone. The upper part 
consists of tuff, tuffaceous conglomerate and some lava flows, the lowest 
of which is metabasaltic andesite; the next, meta-andesite; and the 
third, dacite; the uppermost flow is quartz-trachyte. Thus the change 
from basic to acidic can hardly be overlooked. The formation strikes 
N 20°-380°E and dips about 50 degrees to the southeast. The other 
side is brecciated along the boundary fault. 

The Miyanohara formation in the eastern area forms a structural 
basin with Kaolifenchu at its center. This formation is intruded by 
liparite and andesite and is thrust by the metamorphic rocks on the 
south side of the basin. Although the base is unexposed, it is more 
than 2,500 m. in thickness and its facies variation great. The leading 
component is red or vari-coloured tuffaceous shale, but there are numer- 
ous intercalations of sandstone, conglomerate, limestone conglomerate, 
breccia and lapilli-tuff. 

The mutual relation among the strata in the three areas is actually 
indeterminable. Those in the eastern and Chiashan areas, however, 
are grouped here in the Miyanohara formation because they are pro- 
ducts of violent volcanic eruptions. SHIMAKURA identified a fossil wood 
from the western slope of Chiashan with Pinoxylon dakotensis KNOWL- 
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TON. Because of its occurrence, INAI (1936) emphasized that its age 

must be somewhere between Lower Cretaceous and Middle Jurassic. 
According to YABE and 8S. ENDO (1987), Salvinia sp. collected at 

Tayiipaotzu suggests that the upper Miyanohara formation is not 


- younger than Late Cretaceous. The occurrence of Plicatounio naktong- 


ensis manchuricus and Nakamuranaia chinshanensis in the Mesozoic 
of Honkeiko is reported by SuZUKI (1949). Although their exact locality 
is unknown, it is probable that they were presumably procured from 
a point 1km. southeast of Hsiwanfen in the Miyanohara formation. 
The former pelecypod is known from the Pulantien area and the 
Yingpan area, east of Fushun. Judging from these fossils the Miyano- 
hara formation is perhaps Cretaceous in age. The Miyanohara and 
Honkeiko formation represent probably two different parts of the 
same formation, because they are similar in lithology and structure, 
although the Miyanohara contains much more volcanic material than 
the Honkeiko formation. While the base of the former is unknown, 
the latter overlies the Heian group unconformably. Therefore it is 
reasonable to locate the former above the latter. 

The change from basic to acidic rock seen in the Chiashan area 
suggests that the Miyanohara volcanism corresponds to that of the 
Shiragi-Bukkokuji series in the Tsushima basin. In weighing all of 
these facts, I am led to the contention that the Honkeiko formation 
is an approximate correlative of the Naktong series rather than the 
Jehol series. The Linchia formation lying horizontally on the Honkeiko 
is the youngest, but still not far removed from the end of the crustal 
disturbance, as can be judged from its boulder conglomerate. There- 
fore its age may be either Latest Cretaceous, or Early Tertiary. 

At Tungshan northeast of Hsiaoshih, there is a conglomerate 
formation, about 50m. thick, in which thin sandstone beds are inter- 
calated. In the conglomerate, rounded or subangular quartzite and 
other siliceous rocks are cemented by red tuffaceous sandy material; 
limestone or gneiss pebbles are absent. From its lithology it appears 
to be a link between the Linchia conglomerate on the west and San- 
keiling conglomerate on the east side. 

In the upper Hunchiang tributaties east of Huanjen there is a 
thick vari-coloured formation, 1,000m. or thicker, composed of tuffaceous 
sandstone and shale, tuff, agglomerate and breccia containing andesite 
blocks. Near Pataochiang the Chienshankou coal-bearing strata are 


A Contribution to the Geo-Tectonics of North Korea and South Manchuria 225 


unconformably overlain by tuffaceous sandstone and shale. Another 
formation built up of tuff lies on the Heian group unconformably, but 
its relation to the coal-bearing strata is indetermined. 

Euestheria cfr. middendorifii occurs at Huanjen, Yushuchuan near 
Tunghua and at Sanchatzu, northeast of Tunghua, but the specimens 
are not preserved well enough to make specific identification. The 
Mesozoic formation of Kutsangkou can be divided into two parts. 
Kstherians from its lower part bears Neo-Cretaceous aspects. (KOBA- 
YASHI and KUSUMI, 1958). 

Southwest of Chunggang-jin (Chukochin) on the middle Yalu river 
there is a Mesozoic formation, over 1,000 m. thick, which overlies the 
Chosen group unconformably. It is composed of conglomerate, sand- 
stone, and shale, besides coal-seams. Quartzite is common in the con- 
glomerate ; its boulders attain the maximum diameter of 60cm. 

Near Sintiju or Shingishu on the lower Yalu there is the Seijochin 
clayslate formation yielding plants of the Daido flora, but its base is 
unknown. It is overlain unconformably by another Mesozoic formation 
which consists of the Seishudo conglomerate (600m.), the Hakudodo 
tuffaceous shale (420m) and the Yendaido sandstone and conglomeratic 
sandstone (170m) in ascending order. The lower conglomerate is rich 
in porphyrite boulders, but the largest boulder, 1m. across, is a well 
rounded granitic gneiss. The middle shale yields Estherians and Lyco- 
plera typical of the Jehol fauna. Thin coal seams are interbedded 
with the upper sandstone. 

Overlying the gneiss complex is a monoclinal Mesozoic formation 
near Kanggye (Kokai) which commences with a basal conglomerate, 
150-180 m. thick. Above it black shale, 300-500 m. thick, white sand- 
stone and conglomerate, 150-250 m. thick, and black and green shales, 
over 100m. thick, are accumulated one after another in the order 
named. In the northern part there are andesite tuff and lava flows 
below the basal conglomerate. TAKAHASHI (1958) correlated the sequ- 
ence with that of the Jehol series near Sintiju, but no fossils have 
been found at Kanggye. 

Judging from the plants the Seijochin clayslate of Sintiju, the 
Mesozoic of Chunggangjin, the coal-bearing sediments, or the lower one, 
of Saimaki, and the Changliangtzu shale of Tienshuaifukou belong to 
the Daido series, from Lower Jurassic to Upper Triassic in age. 

It is certain that the Jehol series of Sintiju is Middle and Upper 
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Jurassic. It is probable that the Chienshankou coal-bearing formation 
of Pataochiang and the Tawan coal-bearing formation and the Chuan- 
shantzu conglomerate of Tienshuaifukou belong to the Jehol series 
rather than the Daido. 

There is no Tertiary in the Taitzuho and the Yalu-Hunchiang 
tributaries, but north of the Taitzuho zone there is the Oligocene 
Fushun series which is in thrust contact with the basement block on 
the north northwest side. At Inpan east of Fushun is the Cretaceous 
formation which yielded Plicatounio. 


f. Igneous Rocks. 


Andesite, liparite and granitic rocks which intrude these effusives 
are widely distributed in the Hunchiang tributary, while the dis- 
tribution of volcanic rocks is incomparably small in the Taitzuho 
basins. As mentioned already, volcanic and pyroclastic rocks are 
intercalated in certain Mesozoic formations. The change of the volca- 
nism from basaltic andesite to acidic rock is shown in the sequence 
of the Miyanohara formation. 

Granitic rocks intruded south of the Hsiaoshih and Tienshuaifukou 
coal-fields after the folding but before the faulting. West of Hualien- 
chai the Taling granite is intruded into the Cambrian. It may be a 
product of the same intrusion as the south Hsiaoshih mass, because 
no Palaeozoic or older Mesozoic granite is known in South Manchuria. 


3. The Taitzuho Valley. 


In this valley are the Yentai-Liaoyang, Penbsihu-Niuhsintai, Hsiao- 
shih-Tienshuaifukou and other basins aligned from west to east. They 
are not only topographical but also structural basins, having the Heian 
or Mesozoic formation at the center. South of this principal chain of 
basins are the Saimaki basin and a few other sedimentary patches. 
The principal and auxiliary zones are set off by late Mesozoic granitic 
rocks, but some sedimentary roof-pendants show that the two zones 
belong to the same depression. On the north and south side of the 
principal zone is an extensive display of the pre-Hsiho gneiss and 
metamorphic rocks respectively. 

These basins are not simple basins, however, because their original 
structure was considerably modified by later movements. The rigid 
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Fig. 22. Distribution of the Hsiho, Choson and Heian Groups 
in the Taitzuho Valley. (After Aoj1, HATA et al.) 
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basement was broken into pieces by compression, and the pieces were 
in turn wedged into the chain of sedimentary basins from north or 
south. Further complications were made by the faulting and granitic 
invasion. 


a. Penhsihu-Niuhsintai Basin. 


This area is bisected into the Penhsihu and Niuhsintai basins by 
the northwest trending Shihchiaotzu fault (ein text-fig. 23). The Pen- 
hsihu basin takes a triangular outline. It is cut by a series of thrusts 
of Hsintungkou on the west side and by the Pingtingshan upthrust 
on the south side. In its northern part there is a monocline of the 
Hsiho series, 280m. thick, which strikes in the NW direction. It is 
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overlain by the Cambrian system, 200m. thick, but syenite dykes or 
sheets are frequently encountered near the base. The Taling granite 
intrudes the Middle Cambrian and older formations in the northern- 
most part. The Ordovician is gently folded and overlain disconform- 
ably by the Heian group. Both are sharply bent toward the south- 
west at the western end. The Honkeiko formation on the Heian is 
also steeply inclined to the east along its western margin, and near 
Linchiasueitzu is overlain by the horizontal Linchia formation. 

This flexure develops into the pre-Hsintungkou upthrust. Behind 
it is the Hsintungkou thrust (g in text-fig. 23) west of which gneiss 
and granite are exposed extensively. In addition there are some 
patches of the Anshan series, and also the Hsiho series and the Chosen 
group on the basement complex. The main Hsintungkou thrust along 
the eastern margin of this rigid mass runs slightly east of north and 
its branches cut into the mass. As a whole they form a series of 
imbricated scales. The Hsiho and Chosen formations on the basement 
complex of these scales still maintain the original NW strike on the 
northern side, but become parallel to the principal thrust on the other 
side. 

YOSHIMURA (1941) noted that the primary tectonic line was a 
simple thrust which developed secondarily into a series of scales, 
yielding cracks in the mass. In the course of this imbrication the 
flexure of the Heian and older formations had increased along the line 
till at length their strike became parallel to it. In the southern part 
the Cambrian is thrust upon the Heian group. The western block was 
later elevated again and pushed upon the basin on the east side, yielding 
the pre-Hsintungkou upthrust. As a result the Heian group became 
vertical or even overturned. 

Near this upthrust the Honkeiko formation dips 60 to 80 degrees 
to the east, but soon becomes as gentle as 10 to 15 degrees near the 
center of the basin. 

The Linchia formation lies on the eroded surface of the Honkeiko 
formation. The leading component of its basal conglomerate is large 
boulders of quartzite which were evidently derived immediately after 
the upthrusting from the Tiaoyiitai quartzite and Chiaotou quartzite 
of the western block. The conglomerate is a kind of fanglomerate or 
deltaic sediment which expanded eastward into the lake. The lacu- 
strine sediment on the conglomerate contains various kinds of rocks, 
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Tectonic Map of the Middle Taitzuho Valley. See Figs. 24, 25, 29, and 30 


for Profiles 7. 6, 3 and 4 and Geol. Map and Profile Vb for Profiles 1, 2, 5, 8, 
9, and 10. (KOBAYASHI, KOBATAKE. MORISHITA, YOSHIMURA, et al.) 
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supplied from a greater drainage in the mountains of the lessened 


relief and altitude. 
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The pre-Hsintungkou upthrust is cut at right angles by some 
faults. The Penhsihu basin is cut diagonally by the Minshankou fault 
(f), the downthrow of which is on the southeast side. There the 
Miyanohara formation is distributed, and is delimited by the Pingting- 
shan upthrust (h) from the south. The fault plane dips about 50 
degrees toward the southeast and the formation is intruded by quartz- 
trachyte and quartz-porphyry of the Chiashan area. 
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Fig. 24. Profile through the Pingtingshan Block. (After MorisHITA). (7 in Fig. 2a)5 
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There are strips of the Huangchi series at Tuanshantzu and be- 
tween Chinfukou and Yaopao along the southern periphery of the 
Penhsihu basin. It is thrust by the Toufangian series on the south 
side and the Toufangian in turn is thrust again by the southern mass 
along the Pingtingshan tectonic line. In the eastern part of this 
shattered zone are also the Huangchi and Cambrian rocks between 
the Miyanohara formation and the metamorphic rocks of Pingtingshan. 
These strips are all by-products of the Pingtingshan upthrust by 
which the Heian and Chosen groups of the Penhsihu basin were 
sharply bent up and broken. 

The Niuhsintai basin northeast of the Shihchiaotzu fault is divided 
into two parts by the Pienlingpaotzu tectonic line along the Taitzuho 
river. The southern half-basin is not much deformed, while the 
destruction of its counter part is great. 

In the southern half the major axis of the Niuhsintai brachy- 
syncline is represented by the hills south of Hunglienkou. Its south- 
west side is undulating and is inclined steeply, but the other limb is 
inclined gently. Thus the structure is asymmetrical, and cut by faults 
in NW, NE and other directions. The Tsaichia series lies near 


A Contribution to the Geo-Tectonics of North Korea and South Manchuria 231 


Shangniuhsintai. The southern margin of the basin is marked by 
thrusts from the south. 

On the north side of the Taitzuho river, the original basin is 
strongly deformed by thrusting and faulting. Starting from the 
north, there is a tectonic line extending northeast from Lichiawepeng 
along which the gneiss complex, capped by the Hsiho series, is thrust 
toward the southeast. In front of it is a parallel thrust. The thrust 
sheet in this interval is composed of the Hsiho and younger forma- 
tions, the youngest of which is the Heian group at Hueishan at the 
southwestern terminus. On the southeast side is a broad syncline, 
which is, however, bisected by a tectonic line through Shueiyiikou, 
and the west side thrusts upon the east. The youngest formation in 
the east side is the Heian group which forms a wedge near Yaotzuyii. 

Starting from the west end of this northern basin a long syncline 
of the Hsiho and Chosen formations extends to the northwest along 
the Shihchiaotzu fault as far as Kantaijentun, although it is cut by 
some NE faults. The Pingtingshan block wedges in between the 
Niuhsintai and Penhsihu basins from the south side. The basement 
complex is exposed extensively in its northern part where the Ping- 
tingshan upthrust and the Shihchiaotzu fault meet at right angles. 
Because this is a tilted block, it is covered by the blanket formations 
in the west. The Hsiho series is a gentle monocline, but the Cambrian 
is moderately undulating with the axes varing from N toNW. Fur- 
ther west the Ordovician is folded to form the graben of Achiakou 
extending from NE to SW. 

The southeast side of the block is limited by the Tiaoyitai up- 
thrust (1 in fig. 28) which is parallel to the Pingtingshan upthrust. 
The Nanfen area on the south side is largely occupied by the Hsiho 
series. There the Heian group is restricted to a small area of 
Tahuangpaiyii in the east where it lies on the Ordovician. The 
basement complex in the southeast is pushed up at a steep angle 
toward the north along the Miaoerkou upthrust. The Hsiho and 
later formations between this and the Tiaoyiitai tectonic line are 
complicated by thrusts of various directions. Some of them having 
a WNW trend as well as some others having a NE trend are thrust 
also toward the south; others having a NE strike are thrusts toward 
the north. The three kinds of thrusts are each represented by 8 or 
4 thrust lines. 
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Fig. 25. Profile of the Nanfen Area. (After YosHiKAWwA). (6 in Fig. 23). 


Qs. Quartz Syenite S,. Nanfen Shale and Marl 
H. Heian Group S,. Tiaoytitai Quartzite 

O. Ordvician Formation B. Basement Complex 

C. Cambrian Formation 1. Santaohetzu, =je 7a 
S3. Chiaotou Quartzite 2. Shanchengtzu, |Lpt 


In the western part of this area, the southern basement complex 
is thrust up toward the north. This is the Nanfen upthrust (m 
in fig. 28) which describes two large arcs. 

The structure at the southwest corner of the Penhsihu basin is 
rather perplexing. 

The granite gneiss of Peitaikou, capped by the Tiaoyiitai quartzite, 
rides over the Cambrian with a low angle at the corner and a Klippe 
lies in front of the thrust. The Achiakou graben is sunken between 
this granitized mass and the Pingtingshan block. It is occupied by 
the Ordovician as far as the Hsiho river, but the Cambrian is ex- 
posed farther west and at length the Lower Cambrian is thrust by 
the Hsiho series. This tectonic line extends to the south from 
Huangchiapaotzu, taking an undulating course. 

The Hsiho and the Middle and Lower Cambrian occupy a trape- 
zoidal area which is delimited by the Tiaoyiitai thrust on the south 
side and the Chioukeyii thrust on the northwest. The Chioukeyii 
thrust is indicated by a thrusting of the granitic block upon this 
folded area. The granite is covered by the Tiaoyiitai quartzite near 
the eastern margin of the block. Besides the main Chioukeyii thrust 
there is an auxiliary one on each side. At the northeast corner black 
schists of the Matenrei group are thrust toward the southwest. 

The Chioukeyii thrust, though displaced by the Tiaoyiitai thrust, 
extends southwestward for about 20km. A narrow straight graben 
of the Hsiho series between this and the arcuate Nanfen thrust is 


traceable through the metamorphosed region as far as Helankou (13 
in fig. 22). 
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Another remarkable graben runs between the granitized masses 
from ENE to WSW through Hanpeling (8 in fig. 22). The Ordovician 
and Heian formations are exposed respectively in its western and 
eastern part. Also in the eastern part there are porphyrite and tuff 
which from their lithic aspect may be referred to the Miyanohara 
formation. Near the western end, the northern granite mass is 
overlain by the Tiaoyiitai quartzite of the large Liaoyang-Yentai 
basin. The Hanpeling shattered zone between the basin and the 
southern block describes an arc convex to the southeast. Combined 


Heian Group and Mesozoic Formation 


Chosen Group 


Fig. 26. Distribution of the Rakuroan Complex and Heian Group in the Yentai 
Basin and its Vicinities. (After Aojr and Hara). 


1. Shahe, yjay 6. Shoushan, 74[1J 

2. Yentai Station 7. Taitzuho, Aji 

3. Yentai Coal-Field 8. Anshan, #1] 

4. Shihchiaotzu, “ify 9. Shangshantzu, fin 
5. Liaoyang, 3£)F 10. Hanpeling, 2@b¥ay 
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Fig. 27. Geological Map and Profile of the Shangshantzu Area. 


(After SawatTa). 
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with the Hsintungkou tectonic line this zone outlines the large a ss 
and its eastern block. 


b. Liaoyang-Yentai Basin. 


This basin is not as deformed as the preceding. The unconformity 
between the horizontal Tiaoyiitai quartzite and the steeply inclined 
Matenrei schists seen at Shenwe on the Taitzuho river is such a 
Significant aspect that “Shenwe” was proposed for the pre-Tiaoyiitai 
disturbance. The sequence above the quartzite is simple and regular. 
The Hsiho series is followed by the Cambrian and then comes the 
Ordovician. At length one reaches the Heian group of Yentai. 

Near the Yentai coal-field there are some faults with different 
trends. The southern boundary of the Yentai coal basin is drawn by 
a ENE fault. At Kangyao to the southeast beyond the fault there 
is a small basin of the Heian group. 

Most important is the median tectonic line which bisects the 
Liaoyang-Yentai basin. It runs through the lowland west of Yentai 
toward Shangshantzu (9 in fig. 26). To the east of Shahe station on 
the Moukden-Dairen railway line is a narrow hill of gneiss. This, 
together with the eastern gneiss, forms an acute angle where the 
Yentai-Liaoyang basin is pointed. The southeastern outline of the 
basin on the contrary is broadly arcuate, but as mentioned already, 
there is a shattered peripheral zone, as due to the Hsintungkou thrust 
and the Hanpeling graben, which are aligned en échelon. The Ordo- 
vician formation in the graben is traceable westward as far as 
Tangheyen. 

Near Shangshantzu in the southwestern part of the basin (SAWATA, 
1942) the concentric disposition of the Cambrian and Hsiho formations 
is strongly disturbed by the Shueichiiantzu, Yatzukou and Weichiakou 
thrusts which diverge eastward. The north side are repeatedly 
thrust upon the other along these tectonic lines. The Anshan series 
and Kungchangling granite on the southern block resisted the above 


1. Shueichtianstzu, 7k}, Thrust Cl. Lower Cambrian Formation 
2. Yatzukou, Wlt+-¥#, Thrust S;. Chaiotou Quartzite 

3. Weichiakou, Agcy, Thrust S,. Nanfen Shale and Marl 

4. Shangshantzu, fila, Thrust S,. Taioytitai Quartzite 

C. Upper and Middle Cambrian Formations An. Anshan Series 
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movement, but at length they were thrust northward along the 
Shangshantzu tectonic line which is generally high angled, but low 
angled near Shangshantzu. The Shueichuantzu thrust appears to re 
a part of the median tectonic line diagonally across the Yentai basin, 
although its whole length has not yet been traced. 

The Yatzukou and Shangshantzu thrusts are facing each other. 
The graben between them indicates the western extension of the 
Hanpeling graben. The Hsiho series is strongly contorted in the 
graben yielding some diagonal thrustings. A shattered zone lies 
between the northern basin and the southern block. The Chosen 
group is extensive on the northeast side, whereas the Hsiho series 
is exposed only along saddles of anticlines. 


0 1 2 3 4km 


Fig. 28. Profile of the Anshan Area. (After IMAMURA). 


C. Cambrian Formation GK. Kungchangling Granite 
S. Hsiho Series 1. Anshan, }g 1 

A. Anshan Series 2. Yingchengtzu, “tii 
G. Biotite Granite 


West of Shangshantzu is an unsurveyed area. In the Anshan- 
Shoushan area further west (IMAMURA, 1941). The Cambrian, Hsiho 
and Shoushan-Anshan formations are distributed around the eastern 


granitic mass. On the south side these formations imbricated toward 
the southern granite mass. 


c. Hsiaoshih-Tienshuaifukou Basin. (See Geol. Map and Profile IV and Vb). 


To the northwest of the aforementioned Pienling thrust is an 
extensive display of granite or gneiss. On the other side there are 
also some thrusts. It is a common habit for the northern mass to 
thrust upon the south side. Some additional faults have a NW or 


other trend. At Pienlingpaotzu at the western end of this imbrication, 
is a small Heian exposure. 
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As to the geology of Chinghecheng YOSHIMURA (1941) mentions 
that “The Hsiho series and the Cambrian system form a syncline 
with a NW trending axis, having Tungtataishan, south of Chinghe- 
cheng, at its center. Thrust by a granite mass, its western limb is 
steeply inclined, whereas the eastern one dips gently at 30 degrees 
or so. Its northern margin is also limited by a thrust. Near Machia- 
kou in the south, the Hsiho series strikes almost equatorially and 
dips southerly and is cut by two strike faults. The western end of 
this faulted zone is cut by a thrust which runs through the west side 
of Tungtataishan. Cut by equatorial thrusts, the Tiaoyiitai quartzite 
near Mengchiapaotzu southwest of Chinghecheng, forms narrow belts 
which are truncated at the western end by a fault in the NNW to 
SSE direction. Another fault in a similar trend is found in the ~west 
of Hsikou. The Hsiho and Lower Cambrian formations are strongly 
disturbed in a wedge between these two faults.” 

South of the above mentioned area is the Tungshan basin through 
which the Taitzuho river is flowing. The Heian group is at its center, 
and the main synclinal axis runs from NE to SW. The Tungshan 
thrust lies on the southeast side along which the Ordovician and Heian 
formations are thrust upon the Ordovician. In the west the Heian 
group slips upon the Ordovician. They are dislocated further by 
minor NW faults. The Heian group is capped by the Linchia conglo- 
merate in the eastern sunken block. 

Southwest of Tungshan there is the Hsiaoshih basin where the 
Heian group forms a synclinal basin with its main axis trending 
WNW. In the Shanchengkou basin to its south, however, the axis of 
folding is equatorial. Besides this principal folding are some rectan- 
gular undulations. Between the two basins there is a moderate ex- 
posure of the Ordovician formation. As to the geologic structure there 
is some disagreement among YOSHIMURA (1941), SUGAI (1948) and 
KOBATAKE (1949), but here the description is prepared according to the 
opinion of the last mentioned author. 

On the northeastern side of the Hsiaoshih basin, the brachysyn- 
cline of the Heian group is thrust by the Mapichiangkou Decke of 
the Chosen group, and the latter in turn by the Yaopao Decke of the 
Upper Cambrian and Ordovician formations. West of the meridional 
Hsiaoshih fault (IX in Geol. Map IV), a sheet of the Nanfen shale 
which is considered by KOBATAKE (1949) to be the extension of the 


| 
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Yaopao Decke is thrust on the Heian group. This Heian syncline is 
thrust on the south side by the Ordovician of the Pichiakou Decke 
(X) and this in turn is thrust by the Cambrian of the Niangniangkou 
Decke (XI). Because the last is low angled, its thrust line is notably 
curved. Further south is the Linchiapaotzu Decke (XII) where the 
Nanfen shale has ridden upon the Niangniangkou Decke. These thrusts 
describe arcs convex to the southeast. 


Fig. 29. Profile of the Hsiaoshih Coal-Field. (After KoOBATAKE). (3 in Fig. 23). 


Gp. Granite Porphyry 1. Yenchiapaotzu, jZete- 

Hu. Upper Heian Group Shanchengkou, |[L[Jiii; 

Hl. Lower Heian Group Mapichiangkou, [5 )¥[ri, Thrust 
O. Ordovician Formation Yaopao, /sts, Thrust 

C. Upper and Middle Cambrian Formations Taitzuho, =A} 

Cl. Lower Cambrian Formation Tungshan, Hil], Thrust 


C27 Ot Cees 


Within the Shanchengkou basin is the Lishantaokou thrust along 
which the lower Heian group overrides the middle Heian. In the 
north the Ordovician of the Pichiakou Decke is thrust upon the Heian 
group. On the east side of the basin is an Ordovician dome. Farther 
east the Heian group, which forms a basin, is shifted upon the Ordo- 
vician along the periphery. ' 

After the thrusting, granite porphyry intruded on the south side. 
Still later the area was cut by a few faults trending the direction 
slightly east or west of north. 

According to KOBATAKE (1942) the Papanling thrust on the western 
border of the Tienshuaifukou basin represents double and partly triple 
thrusts. Near Papanling the Lower Cambrian is thrust upon the Ordo- 
vician and the latter on the Heian group. In the northern part, 
however, an accessory thrust appears in this interval where the Ordo- 
vician is thrust upon the lower Heian or the Ordovician. In addition 
in the southern part there is the pre-Papanling thrust along which 
the Heian group is thrust on the Mesozoic formation or on the Heian 
group below it. In the eastern part of the Tienshuaifukou basin there 
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is the Kuchiakou thrust from which the Tiehtzushan thrust branches 
off. 


Fig. 30. Profile of the Tienshuaifukou Coal-Field. (After KoBATAKE). 
(4 in Fig. 23). 


K. Sankeiling, =(#4a8, Conglomerate C. Upper and Middle Cambrian Formations 

J. Changliangtzu, jt, Shale and Cl. Lower Cambrian Formation 
Chuanshantzu, if ||4-, Conglomerate 1. West Papanling, /\i#44, Thrust 

H. Heian Group 2. East Papanling Thrust 

O. Ordovician Formation 3. Pre-Papanling Thrust 


These thrusts toward the east cut the plane along which the 
Changliangtzu black shale slipped over its basement. This and the 
later Mesozoic formations are cut by NW and NE trending faults, 
but the Sankeiling conglomerate is not displaced. 

The Mesozoic formation lies on the Heian group in the west, but 
on the Ordovician in the east, although its base has slipped to some 
extent. In my opinion it is probable that the incipient basin was a lit- 
tle modified before the deposition of the Changliangtzu black shale. Ac- 
cording to SUGAI the black shale overlies the Ordovician in the eastern 
part with angular discordance. The significance of the Chuanshantzu 
conglomerate on the tectonic development is not yet well deciphered. 
It is, however, fairly certain that the deformation of the basin had 
been almost completed before the Sankeiling conglomerate was laid 
down. 

In short, the deformation of the original basin commenced with 
the basal sliding of the Mesozoic formation. Subsequently a series 
of thrustings were repeated toward the east, and the pre-Papaling 
thrust indicates the final phase of lateral compression. Later block 
movement dissected the terrain into blocks. Monzonitic porphyry was 
intruded in the southern part after these structural developments. 
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4. The Yalu and Hunchiang Tributaries. 


In the Yalu tributary including the Hunchiang, its branch on the 
Manchurian side, the ancient gneiss complex is widely exposed. The 


Y 


YO. 


0 10 2 2040.. SEm 


Fig. 31. Distribution of the Rakuroan Complex and Heian Group in the Middle Yalu Valley. 
(After S. NAkAMURA, AojiI, KOBAYASHI et al.) 
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Matenrei metamorphic group is found as patches near Linchiang, 


Uiju (Gishu) and some other places. Hast of Tienshuaifukou there 
are still a few other basins, but the chain of the basins along the 
Taitzuho terminates in the vicinity of Huanjen. South of this chain 
are the Tsaohetang and Saimaki basins. The Santaoyangcha and 
Putaochiolingtzu coal-fields are located in the same zone, but far in 
the east. Further eastward beyond the main stream of the Yalu, 
are the Ch’osan or Sosan area and several others where the Heian, 
Chosen and Hsiho formations form basins or zones of depression. 
In the upper Hunchiang there is the so-called Pataochiang Fenster 
which is actually a narrow graben extending from NE to SW. 

It was in 1884 that GOTTSCHE discovered some Cambrian fossils 
en route from Wiwon (Igen) to Kojang (Kojo). Jointly with KIN 
(19380, 31) and NONAKA (1948) I have investigated the Chosen group 
in the Ch’osan-Wiwon-Kojang (Sosan-Igen-Kojo) area, Kanggye-Man- 
p’ojin (Kokai-Manpochin) area and the Huch’ang (Kosho) area. In 
the Ch’osan area the group is underlain disconformably by the Hsiho 
series. The lower part of this series is built up of quartzite, but 
the basal part is conglomerate; the upper part is composed chiefly of 
variegated clayslate, which is interbedded with quartzite or alternat- 
ing marl and limestone at places. The MHsiho series is separated 
from the Redlichia-bearing Lower Cambrian by a wavy erosion sur- 
face. 

Redlichia or any other Lower Cambrian fossil is known from the 
Kanggye and Huch’ang areas. Whether the quartzite and slate beds 
in the basal 70 to 100 meters in these areas belong wholly to the 


Table XIII. Variation of Thickness of the Pre-Shorin Sediments 
on the South Side of the Middle Yule Valley. 


| Thickness in m. Ch’osan (Sosan) Kanggye (Kokai) Huch’ang (Kosho) 
Heian Group 300 200 100 
Ordovician Formation 500 550 500 
Cambrian Formation 550 500 450 
Chosen Group L150 1,150 - 950 

| Hsiho Series 350 100 (?) 70 (?) 
Rakuroan Complex 1, 500 1, 250 1,020 
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Lower Cambrian or the Hsiho series, or whether the boundary be- 
tween the two formations exists within. the basal part is still a 
question. It is quite certain, however, that, as shown in the table 
XIII, the total thickness of the Palaeozoic and Proterozoic sediments is 
gradually reduced toward the east through these three areas. 

Farther northeast are the Linchiang-Chasdng-ganggu (Jijokoko) 
area, Huch’ang-ganggu (Koshokoko) area and the Changpai-Hyesanjin 
(Keizanchin) area. K. NAKAMURA (1942) has referred a formation 
near Chasdng-ganggu on the Korean side to the Chosen group, but 
judging from the lithology, it seems reasonable to refer the larger 
part of the lower quartzite and clayslate of the formation to the 
Hsiho series, as is done for the same formation on the Manchurian 
side. Taking the Cryptozoon limestone for the key to the base of 
the Ordovician; the tentative correlation is shown in the diagram- 
matic sections in fig. 82. Because no Cambrian fossil is known in the 
Chasong-ganggu and Huch’ang-ganggu sections, it is difficult to point 
out the base of the Cambrian, but presumably it lies somewhere 
within the T, beds. 

The Hsiho series thus outlined is thicker than 500 meters. The 
quartzite, especially the basal one, is often conglomeratic, containing 
quartz and clayslate pebbles, 2 to 83cm. across. In this part of the 
Yalu valley the clastic facies, especially conglomerate, appears more 
developed in the southeast than on the other side. 

On the Manchurian side of the Yalu river between Changpai and 
Linchiang SAITO observed that the Cambrian overlies the gneiss and 
_ schists directly. The Hsiho series, however, is well developed west 
of Linchiang. It consists of the Chiaoyiitai quartzite and the Nanfen 
shale and marl and measures 1,000 to 2,000 m. in total thickness. In 
this area as well as in the region east of Tunghua the Chiaotou 
quartzite is absent. Between Tunghua and Wutaochiang the Nanfen 
shale and marl formation is seen to be overlain disconformably by 
the basal quartzite of the Cambrian formation, which contains the 
Nanfen mar] as boulders. 

The local variation in facies and thickness suggests that there 
were lands on the east and south sides in the Hsiho period. The 
conglomeratic facies between the Huch’ang-ganggu and Hyesanjin 
shows that there was a trough bordered by high lands. 

According to INAI and SHIKAMA (1940) the Cambrian and Ordo- 
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Ch’osan Kanggye Huch’ang Chungganjin  -Huch’anganggu 
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Fig. 32. Columnar Sections of the Rakuroan Complex in the Middle Yalu Valley. 
(After K. NakAMuURA, KIN and NAKANO compiled by KoBayasut). 


H. Heian Group Cu. Upper Cambrian Formation 
To. Toufangian Series Cm. Middle Cambrian Formation 
Wo. Wolungian Series Cl. Lower Cambrian Formation 


Wa. Wanwanian Series S. Hsiho Series 
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Fig. 33. Geological Map of the Ch’osan (Sosan) Area. (After KOBAYASHI, Kin and TAKAHASHI). 
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vician formations in the east to Tunghua are respectively 500m. or 
less and 600 to 800m. in thickness. They are in discordant relation, 
as manifested by the fact that the Crypfozoon limestone of the latter 
lies on various horizons of the former. 

The Heian group is found in the Tiehchengtzu, Wutaochiang, 
Pataochiang and other coal-fields. Its basal conglomerate on the 
eroded surface of the Ordovician limestone is 2 to 5m. thick and 
contains quartzite boulders of fist size, or rarely the size of a man’s 
head. The lower coal-bearing formation consists of shales and sandy 
shales in addition to Moscovian fusulinid limestone. The upper coal- 
bearing formation begins with well stratified sandstone succeeded by 
coal-bearing shale beds, quartzose and partly conglomeratic sandstone 
beds, and black shale beds. 

On the Korean side of the Yalu river a similar limestone con- 
taining Moscovian fusulinids (TORIYAMA, 1941) is known to exist at 
Sinmakdong (Shinmakudo), Nanmyon (Nanmen), in the Ch’osan area. 
Some brachiopods, naiads and plants occur near Kanggye and also in 
the Huch’ang basin, showing the existence of the Koten and probably 
the lower Jido series. 

In the Ch’osan area the Heian, Chosen and Hsiho formations 
form a synclinorium, the principal axis of which is subvertical and 
takes a NE trend, but in the northern part an auxiliary axis branches 
off at right angles and extends to the northwest. This T-shaped zone 
of folding is cut by NE and NW trending faults, some of which are 
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high angle thrusts placing gneiss upon the sedimentary formations as 
shown in the profiles in fig. 34. Besides the main distribution, there 


are a few patches still remaining in the gneiss terrain on the west 
side. 


Profiles of the Ch’osan (Sosan) Area. (After Kin). 


| Middle and Upper Parts 


Lower Part 


Chosen System 


Hsiho Series 
> t : 
.' | Gneiss 


1. Nanhach’ang, Nankaso, jij PF 
2. Ohwadong, Gokwado, F.7E)laj 
3. Mundok-tong, Buntokudo, 2¢7#*)ji] 


4. Yongdong-dong, Ryutodo, }E}Al 
5. Kojang, Kojo, 778 
6. Yondu-bong, Entoho, ies 3 


In the Kanggye area these formations form a syncline or mono- 
cline the strike of which takes a U-shaped course. That is, it runs 


from NW to SE in the middle sector, but at the two ends it is bent 
at right angles and extends to the northeast. 


Kanggye and Manp’ojin 
are located near the two angles. 


North of Kanggye the gneiss on 
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Fig. 35. Geological Map of the Kanggye (Kokai) Area. (After Kopayasui, 
NAKANO et al.) (See Fig 36 for Profile A-B). 


1. Manp’o-jin, Manpochin, #74 4. Hanjon-dong, Kandendo, [}J}Hyfaj 
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Fig. 36. Profile of the Kanggye or Kokai Area. (After NONAKA),. 
(See Fig. 35 for A and B Points). 


9. Heian Group 4. Purple shale and black limestone 
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the south side is thrust upon the lower Heian group at the top of 
the monocline. The gneiss block is capped by quartzite and clayslate 
in the northwestern part, which must be the relict of the southern 
limb of the original syncline. This structure is further complicated 
by a thrust within the monocline and by NW and NE trending faults. 

East of Kanggye there is the subtriangular Huch’ang basin. 
Quartzite and clayslate of the Hsiho(?) series overlies the gneiss 
basement on the northeast and southeast sides. It is supposed to have 
been a quadrate basin with the Koten series near the center, but is 
cut by faults on the west side. 
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Fig. 37. Geological Map of the Huch’ang (Kosho) Area. 
(After YAMANARI, KOBAYASHI et al.) 
1. Chasdéng-gang, Jijoko, *tyr 4. Puhting-dong, Fukodo, ‘5 HiLjfAl 
2. Uhwa-dong, Yuwado, #}filj[i] 5. Sobuk-tong, Shohokudo, /)\JEjfiJ 
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The so-called Pataochiang Fenster extends from NE to SW along 
the upper Hunchiang river for about 40 km. with the breadth of less 
than 6km. This is a Pseudofenster or a kind of a graben which 
consists of the Mesozoic, Heian and older formations.. The boundary 
faults on its sides are thrusts of the Chosen and Hsiho formations 
toward the graben. The Palaeozoic formations were folded in by 
compression between the thrusting blocks and were diagonally folded 
and faulted. These Palaeozoic formations are overlain by the Mesozoic 
formation which is not so much disturbed. Nevertheless, the Mesozoic 
is capped by several Klippen which were transported more probably 
from the two sides. Judging from these facts, it is certain that there 
were two or more phases of movement. The Mesozoic formation is 
a filling of the graben produced by the early movement, but it was 
thrust from the two sides by the later one. 
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Younger Mesozoic 


Older Mesozoic 


Heian Group 


Chosen Group 


Hsiho Series 


Matenrei Group 
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Fig. 38. Geological Map of the Upper Hunchiang Valley. 


1. Pataochiang, /\JHYL 5, Chasdng-ganggu, -Jijo-koko, yl 
2. Tiehchengtzu, $j 6, Chasdng, Jijo, Kit 

3. Linchiang, [ffi¥0 7. Yalu River, fSiteyr 

4. Chunggang-jin, Chukochin, +}/Cfa 


The seqnence of the Mesozoic formations in the Pataochiang 
graben is as follows: 
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c. Tuffaceous sandstone and shale formation, 120m. thick. 
Alternating sandy shale, sandstone and shale. 
Tuffaceous conglomerate, tuffaceous sandstone and tuff, 5-15 m. thick. 
Sandstone and conglomeratic sandstone, 30m. thick. 


b. Chienshankou coal-bearing formation. 

Alternating shale and marl. 

Tuffaceous sandstone and coal seams. 

Greenish tuffaceous shale. 

Tuffaceous sandstone. 

Si csee abala Sasehiot rome Seah a aceite tae Base unknown <-ss:ressssrersesrcnsecreccersersacrecransenteccers 
a. Tuff with a small amount of reddish tuffaceous sandy shale and bluish green 

tuffaceous sandstone, unconformably overlying the Heian group. 


Euestheria cfr. middendorfui from Sanchiatzu, northeast of Tung- 
hua (KOBAYASHI and KUSUMI, 1958), judging from its locality, is thought 
to have been collected from one of these formations in the graben. 
At Kutsangkou further northeast near Fusung are two formations 
separated by a disconformity. The lower one, 350m. thick, overlies 
the Ordovician and older formations unconformably and contains vol- 
canic flows and tuffs. Several species of Estherians collected near 
the top bear some similarities to the Shiragi, Laotzukou and Sungari 
faunas. Therefore the age of the HEstherians is considered to be 
Lower or Middle Cretaceous (KOBAYASHI and KUSUMI, 19538). The 
upper formation comprising oil shales and coal seams may be either 
Upper Cretaceous or Palaeogene. Thus there are at least two Esthe- 
rian horizons in this region. Assuming that the Kutsangkou Estherian 
beds can be correlated with the c formation of the Pataochiang graben, 
the Estherians of Sanchiatzu were probably contained somewhere in 
the a-b formations which are the Jehol members. 

If this interpretation is correct, the primary phase of the move- 

ment must be Liassic or older and the final one Middle Cretaceous or 
younger. 
North of Chasing (Jijo) the folded Chosen group is overlain clino- 
unconformably by the Daido series containing plant beds and coal 
seams. Because its basal conglomerate varies in thickness and contains 
boulders, 60 cm. in diameter at the largest, it is probably an orogenic 
sediment. Therefore the movement by which the underlying Chosen 
group was folded is referable to the Shorin disturbance. 

Near Sintiju (Shingishu) the Daido series is overlain unconforma- 
bly by the Jehol series. TAKAHASHI (1953) proposed “ Gishu’? for the 
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movement indicated by this discordance and referred the Mesozoic 
formation near Kanggye (Kokai) to the Jehol series, but its reference 
to the Shiragi series is not the less probable. As mentioned already, 
the Mesozoic formation of Kanggye is monoclinal and cut by a fault 
at the northeast margin. The Jehol near Sinijiju, on the other hand, 
is moderately folded and cut by a mesh of NE and NW trending 
faults. 

The Mesozoic formation near Ch’osan (Sosan) is more than 1,000 
m. thick. It is composed of porphyrite in the lower, tuff, tuffaceous 
sandstone and shale in the middle, and an alternation of porphyrite 
and tuff in the upper part. Conglomerates are found near the base 
of the middle part. This formation looks similar to the Shiragi 
series in South Korea. It is intruded by granite and quartz por- 
phyry which belong to the Bukkokuji igneous group. In the Heihoku 
massif there are normal faults of various trends among which NW 
and NE are more common than the equatorial and meridional trends. 
The western boundary of the Kosho or Huch’ang half-basin looks to be 
meridional. A close examination, however, has revealed that it con- 
sists partly of a combination of NW and NE trending faults where 
the latter faults are penetrated by porphyrite dikes. 

In the Kanggye area there are these diagonal faults which cut 
the Mesozoic formation and granite porphyry. In the Ch’osan and 
Huch’ang-ganggu areas, on the other hand, granite and quartz-por- 
phyry are seldom faulted. Thus there are local differences in the 
age of faulting with regard to the igneous activity. 

In the Pukchin (Hokuchin) area southwest of Ch’osan the pre- 
Cambrian gray gneiss is intruded by the Bukkokuji igneous rocks. 
According to KINOSAKI (19388) the succession of their intrusions and 
block movements is analysed as follows: 


Hokuchin spotted granite laccolith and Risendo granite batholith. 
Northeast faults. 

Quartz-porphyry dikes. 

Meridional faults. 

Northwest faults. 

Gold quartz veins and dikes of pegmatite and aplite. 

Dikes of porphyrite and lamprophyre. 


Sy Sea BS) 


Although much remains to be settled of the chronology of the 
Mesozoic formations, on the basis of the known facts the history of 
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the Mesozoic movements may be analysed into the following phases: 


V. Block movements and Bukkokuji igneous activity. 
Shiragi series in Ch’osan and Kanggye areas. 
IV. Upthrusting: Late Taiho disturbance. 
c formation of Pataochiang; Kutsangkou Estherian beds. 
Ill. Gentle folding: Early Taiho disturbance. 
b and a formations of Pataochiang; Sanchiatzu Estherian beds; Jehol series 
of Sintiju. 
II. Gentle folding of Gishu phase. 
Daido series of Uiju (Gishu) and Chas6ng (Jijo). 
I. Shorin disturbance. 


The boulder conglomerate at the base of the Daido series near 
Chasong may be an orogenic sediment deposited immediately after 
the Shorin disturbance. The distribution of the above mentioned 
Mesozoic formations appear to be mostly related to the Palaeozoic 
basins in some way, but the sequence in these Mesozoic areas are 
quite different from one another. The Pataochiang depression which 
was brought about by the Shorin or Gishu movement was filled with 
the Mesozoic formations (a-c). Later this region was compressed, 
resulting in the upthrusting of the neighbouring blocks toward the 
depression. As a result, the Pataochiang graben was almost completed. 

The Kanggye-Manp’ojin zone was primarily a synclinal depression, 
but later the southern block was thrust upon the northern limb of 
the syncline. The monocline thus introduced, however, was faulted 
probably more than once. The Kanggye Mesozoic was tilted and cut 
by a strike fault by the block movement in a later phase. In‘ the 
Ch’osan area there are also some thrusts along which the south- 
western block is pushed up. Some others are tension faults. Thus 
there were tension movements from which the Kanggye Mesozoic 
suffered, and compressive movements which preceded its deposition. 
The Jehol series of Uiju was gently folded by an earlier movement 
and cut by the fault mesh by a later movement. In the Pukchin 
area the faultings are known to have been repeated during the Buk- 
kokuji igneous activity. 

Because there is no Tertiary, nothing definite can be said of the 
later modification of the Mesozoic structure. Because there was no 
strong crustal deformation in the Palaeozoic era, the present struc- 
ture of the Palaeozoic and Proterozoic formations of 1,000 to 2,000 
meters’ thickness is the product of a series of Mesozoic and later 


254 T. KOBAYASHI 


movements. 

The structure in this region is quite different from the preced- 
ing tectonic regions. There is no chain of basins as seen in the 
Taitzuho valley. The structure in the Heinan-Liaotung orogenic zone 
is more different. Here these Palaeozoic and Proterozoic formations 
are much thinner than in other regions. They are folded in between 
the basement blocks. Their structure may be a monocline, syncline 
or a synclinorium. Whatever of these three it may be, such a 
depression is often thrust from one or two sides, as exemplified by 
the Kanggye-Manp’ojin zone or the so-called Pataochiang Fenster, re- 
spectively. The most remarkable among the tectonic features of the 
region is the rectangular bending or branching of such a depressed 
zone. The Kanggye-Manp’ojin zone is U-shaped and the Ch’osan area 
T-shaped. They agree with each other in that the prolongation of 
the depression is in the NE or NW trend. The Pataochiang Fenster 
as well as the Linchiang-Chasdng zone are elongated in the NE trend. 

The syncline of Huch’ang-ganggu extends from east to north- 
west for 20km. In the western part it is expanded to a breadth 
of more than 10km. and intruded by granite and quartz porphyry. 
The Huch’ang basin is not less wide. It appears to be cut by a 
meridional fault on the west side. This boundary, however, is partly 
composed of the NE and NW trending faults. Thus, the diagonal 
trends are predominant but the equatorial and meridional trends can 
hardly be overlooked. 

The diagonal cracks were brought to being in the rigid base- 
ment by the compression from north to south which produced the 
equatorial chain of basin in the Taitzuho valley. The Palaeozoic and 
Proterozoic strata which mantled the basement were warped down 
into the depression or folded in between the blocks. Later they 
were cut by normal faults. The structure one can see here now, 


though in a small scale, is a typical example of the kraton frag- 
mentation. 


5. Discussion and Summary. 


The Heian, Chosen and Hsiho formations are three major units 
of blanket strata which constitute the basins and grabens in the 
Yalu-Taitzuho region. The base of the Hsiho series is marked clear- 
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ly by the discordance of the Shengwe phase, where the Tiaoyiitai 
quartzite overlies the Matenrei metamorphic rocks or ancient gneiss. 
The Anshan series inclusive of the Shoushan formation is intruded 
by the Tueimienshan granite appears a member of the basement 
complex. In the Shangshantzu area it is disturbed stronger than 
the Hsiho or later formations, but in the Anshan area where it 
forms the imbricated structure together with Hsiho and Cambrian 
formations there is not much difference of tectonic stability among 
them. 

I have noted already that the Yungning sandstone is a deltaic 
sediment which was accumulated on the western margin of the Hei- 
hoku land. The Nanfen marl thins and the clastic sediment increases 
from the Taitzuho and Hunchiang valleys to the Korean side of the 
middle Yalu. The conglomeratic facies is well developed in the lower 
Hsiho series between Hyesanjin (Keizanchin) and Huch’ang-ganggu. 
If the source of these terrigenous material is considered, the Tai- 
tzuho depression must have been a separate embayment, instead of a 
marginal part of the Heinan geosyncline. 

Assuming that the Hsiho series of the Taitzuho valley can 
safely be correlated with the so-called Hsiho series at the neck of 
the Liaotung peninsula, the thickness is not much different between 
the two areas where it is generally 500 to 700m., but attains 2,000 
m. at the maximum. There is, however, a large stratigraphic break 
in the former which involves the middle and late Shogen periods, 
while there is the Wuhangshan series in the latter area. The break 
is indicated by the disconformity of the Yuho emergence, evident at 
Luohanku and other places. The base of the Chosen group cuts the 
Hsiho series with such a small angle that 1 or 2 meters of the 
Chiaotou quartzite are truncated in a kilometer. In the distance of 
some 200km. from Liaoyang to the upper Hunchiang valley the dis- 
section reaches the Nanfen shale and marl formation through the 
Chiaotou quartzite, about 250m. thick. This is proven by the inclu- 
sion of the Nanfen marl in the basal quartzite of the Cambrian for- 
mation northeast of Tunghua. 

In the Chosen group, compared to the Hsiho, the variations in 
facies and thickness are quite reduced. It measures 1,100 to 1,300 m. 
in the Taitzuho valley and 950 to 1,150 m. on the Korean side of the 
middle Yalu valley. Not only is the difference in thickness slight, but 


256 T. KOBAYASHI 


the lithological sequence is very similar through the whole region. 
It is mainly a great limestone formation, although shales and sand- 
stones are common in its lower part. As it is a monotonous forma- 
tion, the Cambro-Ordovician topography is thought to have been 
simple and flat. 

Although I wish to defer the discussion on the Cambro-Ordovician 
stratigraphy to some other occasion, it is noted here as a general 
tendency in this region that the stratigraphic breaks become large or 
numerous toward the east. The Redlichian sea, for example, did not 
flood any further beyond the Ch’osan area. In the Pataochiang gra- 
ben, INAI and SHIKAMA noted that the base of the Lower Ordovician 
formation lies disconformably on various parts of the Cambrian for- 
mation. 

After a prolonged Middle Palaeozoic land period, the Heian group 
was deposited on the Ordovician para-unconformably in most places. 
In the Hsiaoshih coal-field and a few other places, however, a clino- 
unconformity is observed at the base of the Penchi, Huangchi or 
Lioutang series. Though it is local, it is noteworthy that the Akiyoshi 
prorogeny in the Mongolian geosyncline gave a stronger influence to 
this zone than the Heinan geosyncline. 

The thickness of the group is some 800m. in the Taitzuho, but 
diminishes to about 500m. in the Hunchiang and less than 300m. 
in the middle Yalu valley. The Penchi or Koten series containing 
the Moscovian limestones and coal seams is distributed extensively. 
The Huangchi series, which is the main coal-bearing series in the 
Taitzuho valley, may be absent in the Hunchiang tributary. The 
Tsaichia and probably the Lioutang formation are apparently absent 
in the Ch’osan, Kanggye and Huch’ang areas. In the Taitzuho tribu- 
tary the Lioutang is the upper coal-bearing unit which lies conformably 
on the Huangchi series in most places. In the Hunchiang region it 
is represented by a coarse sandstone formation with a disconformity 
at the base. The Tsaichia formation is a thick variegated formation 
or a red sandstone formation in the Taitzuho or Hunchiang valley 
respectively. KONNO (1949) noted that there is a thick basal con- 
glomerate of the Tsaichia series in the Penhsihu coal-field lying on 
the Lioutang series. Through the Gigantopteris flora the Tsaichia is 
correlated to the Kobosan series in Korea. Therefore there is no 
equivalent of the Greenstone series in this region. 
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The Penchi sea was flooded in the Moscovian epoch as far as 
Huch’ang and Pataochiang, but the Permian formations are mostly 
non-marine and the depression was reduced successively through the 
Chiaotsuo and Tungwu phases of movements which correspond respec- 
tively to the Kanokura and Usuginu phases in Japan. 

At length it became land completely by the Ssuwan, i.e. Tate 
movement. It is interesting to see that the Usuginu phase is indi- 
cated by the great increase of coarse detrital sediments, because it 
reveals the growth of the embryonic geanticline. 


Table XIV. Stratigraphic Sequence of the Heian Group 
and its Relation to the Phases of Crustal Movements. 


Japan China 


Age | Korea South Manchuria 
Middle Trias | Shorin © | Akiyoshi Weiyang 
Early Trias Greenstone | 
Pater Ssuwan 
& | Kobosan Tsaichia 
TS ———| Usuginu” ——) funawu 
Permian ie) Lioutang 
ido ——$— ee anokurna = s\-Cimiagisno 
iss} 5 
‘Oo Huangchi | 
2 x | Nanpiao —| Sakamoto—— Kunming 
Neue Koten Penchi | 
= SS ——| Hsiaoshih SSS 
Stratigraphic Sequence Phase of Crustal Movement 


The Hsiho, Chosen and Heian formations are respectively about 
500-600 m., 1,100-1,800m. and 500-800m. in thickness which total 
about 2,000-2,500 m. in thickness. This amount is not much different 
from about 3,000 m. in the northern area of the Liaotung peninsula, 
but corresponds to only about one-fourth of about 9,000m. in the 
geosynclinal part of the peninsula. The total thickness of the geo- 
synclinal sediments attains more than 10,000 m. in North Korea. 

Because the Mesozoic stratigraphy has not as yet been thorough- 
ly established and because the Tertiary formation is absent in this 
region, the tectonic analysis cannot be quite conclusive. A _ tentative 
correlation on the basis of the present knowledge, however, allows 
one to distinguish five or more phases of Mesozoic. movements, The 
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Triassic Shorin disturbance bears a profound meaning in the destruc- 
tion of the previous depression. The Changliangtzu shale formation 
in the Tienshuaifukou basin is a member of the Daido series. It 
_ appears disconformable with the Heian or Ordovician formation, but 
the relation becomes an angular unconformity in the eastern part. 
This probably means the dip of these formations increases from the 
center to the margin of the embryonic basin. The Daido series near 
Chunggang-jin (Chukochin) begins with a thick boulder conglomerate 
bed which is suggestive of its being an orogenic sediment. 

Near Uiju or Gishu are the Daido series containing plants and 
the Jehol series yielding Estherians and Lycopiera. The movement 
which occurred between them is called the Gishu phase. The Jehol 
series, commencing with the boulder conglomerate, attains over 1,000 
m. in thickness. It was folded by the Taiho disturbance. 

In the Penhsihu basin the Honkeiko and Miyanohara formations 
were deposited and volcanic eruptions repeated in the early and 
middle Cretaceous periods. They were folded gently except along the 
south and west margins where they are sharply folded, yielding up- 
thrusts. 

At Pataochiang the Chienshankou coal-bearing formation which 
is probably Upper Jurassic appears to be separated from the Creta- 
ceous pyroclastic formation by the unconformity of the Taiho phase. 
The latter, which suffered from the upthrusting of the Sakawa phase, 
may be correlated. with the Miyanohara formation. 

The Linchia formation may have been deposited immediately after 
this movement. The structure was further complicated by faulting 
related with the Bukkokuji igneous activity. 

In looking through the stratigraphic sequence, it is certain that 
the Palaeozoic and Mesozoic were respectively the ages of crustal 
stability and moblility for this region. Due to the lack of the Ter- 
tiary sediments, little is known of the movement of this period. It 
is, however, certain that the Mesozoic movements were compressive, 
but became the tension type in the Late Cretaceous and this was so 
probably in the Tertiary period. The batholithic intrusion of the 
granitic magma may be most responsible for this change in the 
tectonic habit. 

Although the original structure was later modified to a great 
extent, the chain of basins is still maintained in the Taitzuho valley. 
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These basins are separated from one another by wedges of the base- 
ment complex, the aspect being shown more clearly in the northern 
than in the southern margin. The ancient gneiss or the Matenrei 
metamorphic group is well developed respectively on the north and 
south side of the chain. The Saimaki and some other coal basing are 
aligned further south. Judging from the disposition of the basement 
complex and blanket formation, the incipient structure produced by 
the Shorin disturbance is thought to have been composed of the fol- 
lowing four elements listed from north to south: 


The northern anticline of the ancient gneiss. 

The principal syncline of the blanket formation. 

The southern anticline of the Matenrei metamorphic group. 
The auxiliary syncline of the blanket formations. 


Sa on 


As clearly shown by the first and second elements, the anticlines 
and synclines were the chains of domes and basins which were align- 
ed alternately in form of a checker pattern. 

Compressed repeatedly by the later movements, such positive or 
negative elements were further elevated or depressed. As a result 
the plastic blanket was folded and the rigid basement cracked along 
the boundary between two units of opposing tendencies. Such folds 
developed into thrusts by further compression. Therefore it is a 
general tendency for blanket formations to be deformed stronger 
from center to margin of a basin. If it is delimited by a thrust, 
the strata are abruptly bent and even overturned in its vicinity. As 
noted by YOSHIMURA, it is a general habit of deformation here that 
the structure is more complicated on the thrust side than on the 
thrusting side. 

Among blanket formations, the Tiaoyiitai quartzite is most rigid 
and resistant to erosion. Therefore it forms often “ Pingtingshan” 
which means a flat topped mountain like a basaltic mesa. Limestones 
are on the contrary easily folded. The differential deformation among 
them is well exemplified on the Pingtinghan block where the Shihho 
series is gently inclined, but the Chosen group is repeatedly folded. 

The Liaoyang-Yentai basin is bisected by a median tectonic line 
which is a thrust at least near Shangshantzu. Its basin structure is, 
however, not much destroyed, probably because the compression was 
released by the dislocation along the Shangshantzu-Hanpeling shattered 
zone. The Anshan, Hsiho and Chosen formations are more com- 
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pressed near Anshan beyond the Chienshan granite mass where they 
form an imbricated structure. 

The middle Taitzuho region is strongly disturbed by the thrusts 
in various directions. The thrusting of the northwestern, western or 
northern block toward the other side is, however, seen more com- 
monly than the thrust of the opposite direction and the latter is . 
found mostly in the southern part. 

The Hsintungkou thrust provides an interesting example of frac- 
turing of a rigid block along a boundary tectonic line. The Penhsihu 
basin was compressed from the west and south sides and the thrust- 
plane so low-angled at the corner where a Klippe is encountered. In 
these aspects, this basin agrees with the Wafangtien basin. Is it 
accidental that each of these two has a large and simple basin on 
its west side? The large Wuhutsuei basin is, however, different from 
the Liaoyang-Yentai basin in the common occurrence of intraforma- 
tional slidings. The Klippen of the Chiaotou quartzite capping the 
Lower Cambrian of the Wafangtien basin are also relicts of the same 
kind of dislocation. 

The differential movement between the two sides recurred along 
the Hsintungkou thrust as well as the Papanling thrust, yielding an 
upthrusting toward the east side which incorperated the filling of 
the Mesozoic basin. This is a kind of Doppeliberschiebung, bearing 
certain characteristics common with the famous pre-Alpine Doppel- 
uberschiebung. 

There are many basins of various size which are commonly asym- 
metrical in outline and structure, but most of them are not so much 
compressed as can be called brachysynclines. Their outline may be 
elongated, but there is no definite trend for their major diameters 
or axes. In these respects this structure is quite different from the 
basins in the Heinan orogenic zone in North Korea. 

The Shihchiaotzu fault appears to be a long normal fault, but it 
needs a further confirmation, because the Pingtingshan, Tiaoyiitai and 
Pienlingpaotzu thrusts are also straight. Tension movement is, how- 
ever, not well illustrated in this area. 

As the Taitzuho zone is similar to the Wuhutsuei-Wafangtien area 
in the materials which constitute these terrains, they bear common 
features in their geologic structures. There the basin composed of 
relatively thin blanket formations was later destroyed under the 
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strong influence of the compressive block movements of the rigid 
basement. In short, it is the destruction. of a quasikraton composed 
of a thin plastic veneer capping a rigid base. 

The structure one can see in the Yalu-Hunchiang tributaries is 
an example of the kraton-fragmentation and is different from the 
preceding. Because it is the marginal part of the Taitzuho depression, 
the blanket formations were not well developed. Their basement is 
mostly composed of granitic gneiss. This well granitized part of the 
Heihoku massif was broken into pieces by compression. As it is rigid 
and homogeneous, cracks were more commonly diagonal than parallel 
or at right angles to the direction of compression. 

If a quadrate block is gradually sunken, a rectangular basin like 
the one of Huch’ang comes out by the down-warping of its veneer, 
but it is easily eroded, because it is thin. The veneer is better pre- 
served along the boundaries among blocks. It is thought to have 
been formed primarily in a gentle syncline, but it was later deformed 
in different manners. 

If the boundary between the basement blocks is linear and simple, 
the veneer may become a monocline by thrusting of one block on 
another and by loosing a limb of the syncline on the thrusting block. 
This is the case of the Kanggye area. 

If it is a relatively broad zone, a syncline may develop into a 
synclinorium by further compression, as seen in the Ch’osan area. 

If it is a narrow trough in which later sediments accumulated 
on the veneer, they together may be folded in between the blocks 
and suffer from the thrusting up of the neighbouring blocks. The 
so-called Pataochiang Fenster is the typical example of such a graben. 

Though the last one is a narrow zone of infolding, it is quite 
distinct from the arcuate shattered zone of Hanpeling-Shangshantzu. 
The Helankou graben and the monocline along the Shihchiaotzu tectonic 
line, which is partly synclinal, bear greater similarities to the third 
and first types of structures respectively. They are two exceptional 
off-shoots from the chain of basins into the areas of the basement 
complex. 

These remnants of the veneer along the boundaries are always 
straight or nearly straight as they are controlled by the fragment- 
ation of the Heihoku massif. It may happen that a zone of blanket 
formations issues an off-shoot or is bent by itself. Then it is expec- 
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table to form an angle of about 90 degrees, or less commonly 45 
degrees, at such a point of branching or bending. The T-shaped 
branching of Ch’osan and the U-shaped bending of Kanggye and 
Manp’ojin are excellent examples of such deformations. 


Chapter V. . 
Comparative Tectonics. 


1. Different Types of Geologic Structures. 


In discussing the orogenic cycles in Japan in 1941, I pointed out 
the coincidence in the fundamental design of the architecture between 
the Sakawa folded mountains and the Alps. Each is an anticlinorium 
of grand scale having a metamorphosed core. In other words, each 
of them is a long uniaxial folded zone of high amplitude. They are 
different, however, as the tangential dislocation in the Alps is much 
longer than that of the Sakawa mountains. Overthrusting of the 
Oga Decke for a distance of over 40km. was one of the two inter- 
pretations which I have previously suggested ; the other explanation 
of the autochthonous Pseudoklippe now seems no less probable. 

The Decken in the Alps are very complicated in comparison with 
the structure of Japan. In the history of tectonic development, how- 
ever, Japan is more intricated than the Alps, because here the oro- 
genic cycles were repeated three times. More precisely, similar moun- 
tains were successively built in Japan through the cycles of orogeny, 
causing a migration of the geosyncline, as shown in table XV. The 
Akiyoshi mountains were built on the continental side before the 
Sakawa mountains, and as discussed in my recent paper (1955), the 
Oyashima mountains on the Pacific side are still in the making. The 
Riukiu, Mariana and Chishima arcs which are intimately related to 
the Japanese arc are also folded mountains in different stages of 
growth. All are arcuate and each has a large hinter basin and a 
narrow deep trench in front. 

As noted in my 1941 paper, the folded mountains in the Yokusen 
as well as the Heinan zone in Korea are very different from the Japan 
type of folded mountains as the metamorphosed axis is absent. Re- 
cently I have given a detailed descripton of the Yokusen type of 
structure seen in the western part of the Kogendo limestone plateau 
(1953). Between P’yéngchang or Heisho and Mun’gyong or Bunkei it 
is a large straight anticlinorium with a small synclinorium on each 
side. These triaxial folds developed into an imbricated structure, 
yielding thrust lines which bear remarkable parallelism for a long 
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Table XV. Tectonic Lineaments of the Folded Mountains in Japan. 


(S) 
wp 
(0) 
3) oa co 
o g oO 
oO Soy oe ~~ 
g ; gs fo q 
— | a 5 a 
oO 4 — (40} 
Bielce (los. |e 
3 | 62 O 
sine Ae aS 
Sd eiSneslaee ke 
Cola g ee | a 
N A io} ‘c a 
o ©) al 77 4 
a | & fa) a VY 
ar ered a o 
S| 
N 
3 |e 
Bil No | o 
: 2 et | fs 
2ieolPl tn | 3s 
n 
em) HalisdhS ceseine: 
tell get all gp ll Et detect zs 
+ oo N oO us [o) 
ao ) 
53/03 /8/% Eo o) 
eae 
os fo) ° a 
3 
s/£/S/8|8e|¢2 
I 
Fl a)/2)s | 88) 8 
EStell teenies) Mec rac & as 
3 Dn a © Cos Gy 
py WIS) ea za Oa | 4 
> g 
ce eas 
2 LN e) 
a) o N 
~ B 2 o 
2\ ¢ «|g |e 
B=) © a, e) 3) 
eee | Sy as ) ra 
ga a See SI & Pp 
s1 a en 1 ey) @ i 6 
o | Rs Ay co) 
= oa QB o 23 (5) 
pent ecy a a iS £ 
QD 5p ) [=| 5 q 
Salok eleeane ra 
Boe eee | 
a S/o | on a |W 
oO 
q 
) 
5 om) 
occ, =| 
Sa 3 
Nis ieon ees 
as 
uo} (cal 8 
Nn v w 4 
I =) 2 % ro) 
: aldol ea. ee 
S| & » Ww Oo 
Oe BEB | aii a) =| 
mH) 4)0 = & > 
ae) CT | ae 5 
= — 
Bo MNS Vie 1) 
» » 0) o (cil 
Bo 8 Be oes 
| eg eens 


{ 


T. KOBAYASHI 


distance. This aspect reminded me of 
the imbrication of the ridge and valley 
zone in the Appalachian mountains (KoO- 
BAYASHI, 1941). This part is, however, 
considered at present the frontal non- 
metamorphosed zone of the mountain 
system, instead of the system itself. 

The Yokusen folded zone is about 
40 to 60 km. in breadth. The Heinan 
zone is much broader, measuring about 
200 km. wide in North Korea. No long 
or persistent axis of folding exists. The 
zone consists of many brachysynclines 
and brachyanticlines which are mostly 
composed of the Heian and Shogen 
groups respectively. The Chosen group 
between them often forms disturbed 
zones. Furthermore, the basement com- 
plex is exposed at some places as domes. 
The alternate arrangement of positive 
and negative elements in the Heinan 
zones corresponds to the Taitzuho type 
of structure, but is distinct from that 
type in the presence of short and para- 
llel or subparallel folded axes. The 
Heinan zone bears some features of the 
Taitzuho zone whereas the structure of 
the Yokusen zone is similar to the Chi- 
chibu zone of the Sakawa mountains. 
However, the two zones in Korea are 
folded zones developed from the geo- 
syncline-like troughs or parageosynclines, 
while the folded mountains of the Japan 
type have grown up from the true geo- 
syncline or orthogeosyncline. 

The geologic structures produced in 
the Yalu region and the Taitzuho zone 
during Mesozoic disturbances are some- 
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thing else than folded mountains. They belong to kratonic or quasi- 
kratonic terrains and their structures were produced by fragementa- 
tion of such rigid terrains. A chain of basins is aligned from west 
to east along the Taitzuho river. These basins are arranged alter- 
nately with the domes on the two sides. Among them the major 
axis of the brachysyncline has no definite trend, but the chain of 
basins as a whole forms an equatorial zone. There are thrusts, 
many of which are diagonal to the zone. Thus the basins are non- 
axial whereas the whole depression forms a zone. 

The Yalu-Hunchiang tributaries which occupy the marginal part 
of the Heihoku land is not zonal. This massif, chiefly composed of 
granitic gneiss, suffered from the Mesozoic movements simultaneously 
with the depressions or troughs. Judging from the equatorial zones 
of the Taitzuho and Heinan, it is evident that the Heihoku massif 
was compressed meridionally. As a result it was broken into blocks 
along straight cracks which were more commonly diagonal than equa- 
torial or meridional. The thin veneer of Palaeozoic and Proterozoic 
sediments which covered the basement complex was tilted or folded 
between the blocks. Such a graben is narrow and straight, and if 
branching or bent, often forms right angles. This is the typical ex- 
ample of kraton-fragmentation caused by compressive block move- 
ment. 

Thus there are five distinct types of structures in Japan and 
Koreo-Manchuria which are called Japan, Yokusen, Heinan, Taitzuho 
and Yalu types for the sake of convenience. Because these structures 
were produced by the same Mesozoic orogenies or disturbances, their 
difference must depend upon the terrains. The relation of these struc- 
tures to the original terrains are as follows: 


1. Japan type of uniaxial arcuate MOUNEAINS................ceeeeeeeees Orthogeosyncline 
2 Os type of a triaxial FOIGEAEZONS eee caasnth waren e scene Patagedevacline 
33) Heinan typeof a) polyaxial: folded (Zone a ........0esrase-peuensmneee.s 

APmEDATEZhOnty pPCuOh DOCK LOldin gas. eensecisrindeceasiesessemssnosetesseass Quasikraton 
Fema ty pero Kratonicr cragmentallOney..sscescsces save: ssczsretne se Kratonic massif 


It is certainly interesting to see various gradations through these 
structures as follows: 


1. from the uniaxial through polyaxial folding to the non-axial structure, or 
2. from the zonal or parallel structure to the areal or diagonal structure. 
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2. Kraton Fragmentation. 


Starting with the kraton fragmentation we can compare the 
characteristics of the geologic structure. The Heihoku massif pro- 
vides an excellent example of fragmentation. It was broken into 
minor blocks along straight cracks which were more commonly dia- 
gonal than parallel or rectangular to the direction of compression. 
Because of such a habit of fragmentation the isolated microkratons 
are often subquadrate in outline. The Colorado plateau, Texas basin, 
Bohemian massif, blocks of Podolia and Woronez, the Kuznetsk basin, 
and the sunken block of the Kara sea are similar examples. 


Fig. 40. Kraton Fragmentation, idealized. 
K. Half-basin of Kosho or Huch’ang M. U-shaped Graben of Kokai or Kanggye 
P. Pataochiang Graben S. T-shaped Graben of Sosan or Ch’osan 


The cracks in the Heihoku magsif were nearly straight and its 
veneer, which is relatively thin, suffered from the compressive block 
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movement. This is seen in the Pseudofenster of Pataochiang, the U- 
shaped monocline of the Kanggye-Manp’ojin area and the T-shaped 
synclinorium of the Ch’osan-Wiwén-Kojang area. 

On account of the right angle at the junction or bending point, 
these T- and U-shapes bear relationship with the L-shape described by 
the Red Sea and Gulf of Aden or a part of the zig-zag course of 
the Great Rift Valley in Africa. 

The Huch’ang basin is remarkably truncated by a long meri- 
dional fault. This basin is not as compressed as the Eo-Palaeozoic 
formation near Prag in the Bohemian massif. Its triangular outline 
consists of two edges of discordance and one of dislocation. Near 
Huch’ang-ganggu there is a syncline having an equatorial axis. Judg- 
ing from the facies and thickness of sediments it is probable that 
there was a narrow Proterozoic trough between blocks. The Arbu- 
ckle mountains have also developed from a narrow trough between 
kratonic masses. 
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Fig. 41. Three Types of Ditches. 


S, Blanket Formation and its Basement S,. Ch’osan or Sosan Graben 
P,. Pataochiang Embryonic Ditch P,. Pataochiang Graben 
A, Arbuckle Trough in the Ordovician Period A;. Arbuckle Mountains 


Thus there are more than two kinds of the troughs. One is a 
simple graben or zone of depression in which the blanket formation 
has sunken by a movement, and the other has developed from a 
trough or an embryonic syncline. More precisely, the latter can be 
further subdivided into two kinds. One is an old trough like 
the Arbuckle trough which was primarily brought to being by 
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kratonic fragmentation. The other is the case of the Pataochiang 
Pseudofenster. It was not a trough in the Palaeozoic or Proterozoic 
period, but must have been some kind of:a depression in the Meso- 
zoic period. Such a Mesozoic depression was later thrust from the 
two sides into the form of a graben. 
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Fig. 42. Chains of Basins (dotts), idealized. Hatch showing the Basement Block. 


There is no sharp boundary between the Yalu and Taitzuho 
types or between the latter and the Heinan type of geologic struc- 
ture, but there is a great difference in the thickness of the sedi- 
ments. Accordingly, the differential deformation between these sedi- 
ments and their basement reveals a remarkable tectonic feature. 

In the Taitzuho zone positive and negative elements which were 
arranged alternately in a checker pattern can be recognized fairly 
well. The embryonic folding must have been the doming up of posi- 
tive elements and the subsidence of negative ones. In the side of 
the Taitzuho valley and its neighbourhood there were rows of such 
domes and basins which were arranged parallel to the Mongolian 
geosyncline. 

It is interesting to see that the arrangement is more or less 
allied to that of tectonic elements in the Mid-Continent and their 
relation to the Appalachian geosyncline. In eastern North America 
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Fig. 43. Brachysynclines alternating with Domes (Cross). 


the Adirondack dome, Cincinnati arch and Nashville dome correspond 
to the three arcs of the Appalachian mountains. Beyond the lower 
Mississippi valley there are the Ouachita mountains and the Ozark 
dome. Northwest of the chain of these positive elements there are 
the Michigan, Illinois and other basins which form a row of depres- 
sions. The Sioux quartzite area represents the elevation lying far- 
ther from the mountain system. Needless to say, these domes and 
basins in central North America are incomparably larger and much 
less deformed than those of the Taitzuho valley. Nevertheless they 
alternate in a similar manner. 

It is a remarkable fact that the domes and basins in North 
America bear positive and negative tendencies respectively and grew 
step by step through the Palaeozoic era. Such tendencies or em- 
bryonic fold cannot yet be recognized in the stratigraphic sequence 
of the Taitzuho region, if each basin is taken for a unit, but it is 
evident that the region as well as the Heinan geosyncline were two 
zones of subsiding tendency which were separated by the Heihoku 
land. 

As exemplified above, it is interesting that a part of Eastern 
Asia reveals various features comparable to those of Laurentia and 
other Megakratons, though they are in a miniature scale. Therefore 
it is noteworthy that, insofar as these common features are concern- 
ed, there is no essential difference in the kratonic fragmentation be- 
tween the mega- and micro-kratons. 
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3. Deformation of the Quasikraton. 


The basins in the Taitzuho tributary: are composed of the Meso- 
zoic or Heian formation in the central part, surrounded by the 
Chosen group, and then by the Hsiho series. It is the general 
tendency for their dip to become steeper distally. Commonly a 
northern or southern block wedges in between two basins. These 
blocks and basins are mostly separated from one another by tectonic 
lines. Among such boundaries the northeastern and northwestern 
trends are more prominent than the equatorial or meridional ones. 
Some of the lines are indicated by normal faults, but many others 
are thrusts, upthrusts or disturbed zones. 

Basin structures complicated by thrusts from two or more sides 
are not uncommon. Such basins may be called closed basins. They 
are caused by centripetal thrusting. The Wafangtien basin is an 
excellent example of such a basin bounded by low angle thrusts 
from south and west sides. It may be said to be doubly closed, 
seeing that the Wafangtien coal-bearing sediments of Chaotzuyao 
are folded in between the Chosen group on the east and west side. 
The Shanchengkou basin of Hsiaoshih is thrust from the north and 
west sides; the Penhsihu basin thrust from the west and south sides 
but with high angles. 

Due to the differential movement among basin sediments it hap- 
pens that a part of them also have slipped outward relative to the 
underlying part. This type of centrifugal dislocation is sometimes 
seen within the Shogen group in the Wuhutsuei basin. Such a basin 
may be called an open basin. The Hwangju or Koshu basin in 
North Korea reveals this kind of structure. (See Fig. 9). On the 
south side of the north Heian-nando coal-basin centrifugal disloca- 
tions are repeated in the Rinson shale, thereby forming the Seisen 
imbricated zone. (See Fig. 6). The western borders of the Penhsihu 
as well as the Tienshuaifukou basin are defined by thrusts which are 
close-set and are nearly parallel to one another. Through Papanling 
on the western margin of the latter basin there are parallel thrusts 
along which the Chosen and Heian groups are repeatedly thrust two 
or three times toward the east. The pre-Papanling thrust is a 
secondary dislocation along which Palaeozoic formations are pushed 
upon the Mesozoic. It is noteworthy that all of these dislocation 
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lines among the middle and upper parts of the blanket formations 
are concave toward the basin. 

The pre-Papanling upthrust is a product of a secondary disloca- 
tion similar to that of the pre-Alpine Doppeliiberschiebung. The pre- 
Alpine Uberschiebung has taken place in the culmination phase of 
the Alpine orogeny. It is a question, however, whether the primary 
thrusting was soon followed by a secondary one in the Taitzuho 
valley. In the outer zone of West Japan old and new tectonic lines 
trending parallel to each other near an important tectonic boundary 
are not uncommon. In western Shikoku are the Butsuzo and _ pre- 
Butsuzo lines. The former is the boundary thrust between the Chi- 
chibu imbricated zone and the Shimanto folded zone in the Sakawa 
folded mountains. The latter line marks the northern boundary of 
the Neo-Cretaceous formation in the Uwajima basin and must be a 
secondary tectonic line produced by the Middle Tertiary Oyashima 
disturbance. Along the eastern margin of the Akaishi mountains, 
as pointed out already (KOBAYASHI, 1941), there are some parallel 
tectonic lines which were produced one after another by a similar 
mechanism. 

The amount of dislocation is much larger along the Hsintungkou 
thrust than along the Papanling thrust, because the pre-Hsiho base- 
ment complex is widely exposed on the west side of the former 
thrust. It is also a remarkable difference that the former is convex 
toward the basin, but the latter somewhat concave. In the course 
of the thrusting of the western block upon the Penhsihu basin on 
the east side, the pre-Hsiho basement was cracked and these cracks 
issued as branches from the main thrust. The pre-Hsintungkou 
thrust is the secondary product of the repetition of a movement 
similar to that along the pre-Papanling thrust. I am _ particularly 
interested in the peripheral destruction of the western block by 
branches of the Hsintungkou thrust, because it appears to exhibit a 
stage earlier than the development into the Schuppenstruktur as 
seen at the two angles of the Chuhosan block in South Korea (1958). 

The Hanpeling-Shangshantzu zone in the Taitzuho valley there 
is a remarkable disturbed zone. It is narrow, long and arcuate, but 
fairly discordant with the structure of the Yentai basin. The strata 
in the zone are strongly disturbed, having a strike diagonal to the 
zone, an aspect which is suggestive of the rotation of the strata 
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within the zone. The Tanagura disturbed zone in the Kwanto region 
in Japan is straight. Its nature is not yet well known, and its 
relation to neighbouring blocks differs from that of the Hanpeling 
zone. In the central and western part of the Hida plateau in Japan 
there is a disturbed zone along the periphery of the Hida gneiss 
‘complex. The upper Palaeozoic formations are strongly disturbed and 
the Middle Palaeozoic formations and metamorphic rocks are wedged 
into the zone, but it is straight rather than arcuate. Furthermore 
the southern boundary of the zone is obscure; I cannot find any 
example in Japan which is comparable with the Hanpeling-Shang- 
shantzu zone. 


4. A Brief Note on the Destruction of the Folded Mountains in Japan. 


I do not: intend here to discuss the geology of the Japanese 
islands in detail, but wish to touch on the Japan type of the uni- 
axial arcuate mountains to explain briefly its differential deformation 
among the various tectonic units. As tabulated on page 264, the 
Akiyoshi or the Yeso folded mountains have a structure essentially 
the same as the Sakawa mountains. 

In the course of the Sakawa orogenic cycle the already existing 
Akiyoshi mountains were destroyed. The mode of destruction was 
very different between the axial and frontal zones, as well as be- 
tween the blanket formation and its basement. The deformation 
which occurred in the Sakawa mountains at the time of the Oya- 
shima disturbance was very similar to that of the Akiyoshi moun- 
tains, but different from the deformation of the Akiyoshi mountains 
by the influence of the Oyashima disturbance. 

The Hida gneiss zone represents the granitized axial zone of the 
Akiyoshi folded mountains. In the central and western parts of the 
Hida plateau the gneiss is overlain by the Jurassic Tetori series. 
The relation of the Tetori to the gneiss is comparable with the 
Palaeozoic and Proterozoic veneers on the ancient gneiss basement of 
the Heihoku massif, although the Tetori series contains no limestone, 
whereas the Great Limestone series is well developed in the blanket 
formation of Korea and South Manchuria. It is certainly interest- 
ing to see a great similarity between the Cretaceous block movement 
in the central Hida plateau and that of the Yalu region. 
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There the Tetori series which overlies the Hida gneiss of the 
eastern block is abruptly folded, forming a syncline which is thrust 
by the gneiss of the western block along the northwesterly tectonic 
line called Jinzu thrust. The Hida gneiss complex is widely exposed 
in the western block but at Kiritani where the Tetori series is 
folded into a narrow graben parallel to the thrust. The Jinzu 
thrust was later dislocated at places by northeast trending faults.* 
These dislocations are evidently diagonal to the are of the Akiyoshi 
or Sakawa mountains. 

A similar structure can be seen in the Ryoke gneiss zone of the 
Sakawa mountains also. In the central part of the Kinki region 
there are horst mountains and fault angle basins which were brought 
into existence by the Tertiary fragmentation of this well granitized 
terrain. The meridional Ikoma range is connected with the equa- 
torial Izumi range at Mt. Kongo in the form of a reverse L. The 
Neogene and later basin deposits are often bent up sharply along 
the ranges, as seen at the foots of the Suzuka and some other ranges. 

The Omi-Iga fault running across Central Kinki is strongly 
curved with convexity on the southeast side, but many other tectonic 
lines which appeared in the Tertiary period are submeridional or 
subequatorial. In other words, they are subparallel or subrectangu- 
lar rather than diagonal to the zonal structure of the Sakawa folded 
mountains. According to MATSUSHITA (1958), however, the princi- 
pal axes of anticlines and synclines which control the topography of 
Central Kinki take a NE to NNE trend, suggesting some influence 
of the tectonic development of the Peri-Tunghai arc. 

The mode of secondary deformation seen in the non-metamorphosed 
Yamaguchi zone is distinct from that of the Hida gneiss zone. It 
belongs to the Taitzuho type. More precisely, it wasa kind of block 
folding by which the already folded Palaeozoic formations were cut 
by discordant thrusts or the B-type thrusts of MATSUSHITA. The 
Mesozoic sediments on the Palaeozoic suffered from folding. 

In the Nariwa district in the Kibi plateau the Upper Triassic 
Nariwa series is folded. Thrusts from the northwest side of the 
Permo-Carboniferous formations and from the northeast side of phyl- 
litic rocks of unknown age override the series. The latter thrust is 


* See Geological Map IV in “The Sakawa Orogenic Cycle etc.”, 1941. 
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high-angled, while the former is low-angled. Therefore there are 
many small Klippen on the Nariwa in front of the Oga overthrust. 
This structure is a closed basin remarkably allied to that of Wafang- 
tien.. 


Fig. 44. Tectonic Map of the Nariwa Area. 


‘ N. Upper Triassic Nariwa Series 1. Oga Thrust 
_ A. Upper Palaeozoic Para-Akiyoshi Group 2. Nariwa Town 
Ph. Palaeozoic Phyllitic rocks 3. Eastern Upthrust 


In the Sakawa mountains the frontal non-metamorphosed zone is 
divided by the Butsuzo tectonic line into the Chichibu imbricated 
subzone and the Shimanto folded subzone. Because the Neo-Cretaceous 
formation is uncommon in these subzones, it is not always possible to 


distinguish. secondary deformation from primary structure. In the 


Yuasa basin in the western part of the Kinki peninsula the Eo- 
Cretaceous Tosa group is strongly folded together with the older 
formations, yielding thrusts, and they are intruded by various rocks 
which belong to the Yokokura igneous group. The Neo-Cretaceous 
Sotoizumi group is disconformable with the Tosa group where the 
syncline of the former lies on the syncline of the latter group, but 
overlapping the latter the former directly overlies the Palaeozoic 
with strong discordance. The Yuasa basin was later deformed by 
the Tertiary disturbance with the result that the basin is thrust from 
the north and south sides. These thrusts cut the folds and thrusts 
of the Sakawa mountains and belong to MATSUSHITA’s B-type. Due 
to this compression from the two sides, the Sotoizumi was folded 
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down in the form of a gentle synclinorium which is delimited by the 
Tertiary upthrusts. The axis of this Tertiary synclinorium is sub- 
vertical, while the axes of the Cretaceous folds and thrust planes 
are inclined in different degrees.* 


Fig. 45. Two Profiles of the Uwajima Area, Western Shikoku. 
(After Kupo in KoBayasut, 1950). 
The Shimanto Group of the Eo-Cretaceous and older ages (cross) was squeezed out 
from the gently undulated blanket of the Neo-Cretaceous Nanyo Group, in form of 
the Chikanaga Horst (Upper Profile) ; the folding of the Nanyo Group becomes much 
stronger in the south than in the north side (Lower Profile). 


It is far more ditficult to analyse the primary and later defor- 
mation in the Shimanto folded subzone. This is because the Shimanto 
group is mostly composed of bathyal sediments devoid of any key-bed, 
because the group in this subzone was not so strongly deformed as 
that the Chichibu imbricated subzone and because of the limited distri- 
bution of the Neo-Cretaceous Nanyo group and its similarity in facies 
to the upper Shimanto group. 

The folding of the Shimanto group and also the other pre-Sakawa 
formations in the Chichibu subzone was stronger on the inner than 
on the outer side, but the folding of the Nanyo and other post-Sakawa 
Cretaceous formations was just the opposite. Therefore between the 
two groups near the Chichibu subzone there is a remarkable difference 
in the degree of folding. The Nanyo group near Uwajima in western 
Shikoku is gently folded and cut by faults on the north side. Some 
of the dislocations are normal faults which appeared after the Tertiary 
folding, but some others are upthrusts formed at the time of the 


ic See Pextasure 35 in “The Sakawa Orogenic Cycle etc.”, 1941. 
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Oyahima disturbance. Near Chikanaga a wedge of the Shimanto 
group is pushed up at an anticline between the gentle synclines of 
the Nanyo group. This is due to the differential movement between 
the Nanyo and Shimanto formation where the latter is less liable to 
fold than the former. The folding of the Nanyo became stronger to 
the south where it forms an isoclinal syncline which is almost closed. 

It can hardly be overlooked that the Tertiary deformation be- 
comes stronger from the Shimanto to the Nakamura zone where the 
Palaeogene and older formations in the Nakamura geosyncline were 
strongly folded by the Oyashima disturbance. Near Muroto cape in 
eastern Shikoku the Palaeogene and older formations are strongly 
folded with subvertical axes. The Miocene formation of Shijujiyama 
which overlies these folded mountains is slightly tilted and cut by a 


fault along its north margin. 
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Fig. 46. Profile of the Akigawa District, Eastern Shikoku, showing 
the Geolgic Structure of the Shimanto Group. 
(After K. IcuH1tKAWA in KoBayasut, 1950). 


CG 


1. Heikegamori 2. Sajiki 3. Butsuzo Line 
4. Nara 5. Hane 6. Oyashiki 
7. Akano-gawa 8. Shiragami 


A—D: A—D Divisions of Shimanto Group 


The Nakamura zone is separated by a tectonic line from the 
Shimanto zone of the Akigawa area where the Shimanto group is 
strongly folded. This primary folding was later deformed by high 
angle thrusting among the primary anticlines and synclines. These 
upthrusts belong to the same category as those which cut the north 
and south sides of the synclinorium of the Sotoizumi group in the 
Yuasa basin, or those by which the Chikanaga wedge of the Shimanto 
group was pushed up through the gentle folds of the Nanyo group 
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in the Uwajima basin. It is interesting that the secondary upthrusts 
appear almost concordant with the primary folding in the Shimanto ~ 
folded subzone, but are somewhat discordant with the primary struc- 
ture in the Chichibu imbricated subzone, because the difference of the 
upthrusting corresponds to the difference in the intensity of the 
primary deformation between the two subzones. 

The continental side of the Akiyoshi-Sakawa mountains, especially 
their northern wing was largely destroyed by the Oyashima distur- 
bance. An outcome of this destruction was the Uetsu subgeosyncline 
in North Japan which consisted of a chain of Neogene basins. The 
basins were folded intensely in the Plio-Pleistonce epoch. The Uetsu 
folded zone is similar to the Heinan type of geologic structure as the 
chain of structural basins is a series of brachysynclines and brachy- 
anticlines having axes nearly parallel to one another. 

The imbrication of the Chichibu zone resemble the Yokusen type 
of geologic structure, but it is different in that, like the ridge and 
valley zone of the Appalachian mountains, the zone is only a part of 
the folded mountains, instead of the mountains themselves. 

As discussed elsewhere (KOBAYASHI, 1951, 52) the Akiyoshi folded 
mountains are traceable from Japan into Tonkin where the late 
Triassic mountains were polyaxial. In Japan the mountains were 
uniaxial, but became biaxial near the western end by adding an 
auxiliary metamorphosed axis of Motoyama in front of the principal 
axis of Sangun. Thus there are all gradations in the number and 
magnitude of axes among the various types of folded mountains from 
uniaxial through biaxial and triaxial to polyaxial. 


5. Grade of Oronization. 


The mode of deformation of a given orogeny differs in various 
rocks, formations and terrains. As a rule the finer the grains of a 
sediment or the more homogeneous a formation, the easier it is to 
change the relative position of the grains by compression. Therefore 
the deformation by a crustal movement is stronger for shale than 
conglomerate, sandstone being intermediate between them. 

The sedimentary rocks, when once folded intensely, are not as 
easily folded or thrust as before, though such is still feasible. The 
secondary thrusting or the B-type of thrust can clearly be distinguished 
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in North Korea from the primary or A-type of thrust. The former 
is concordant with folding, while the ‘latter is discordant with the 
folded structure. The thrusting which occurred in the Shimanto 
terrain in eastern Shikoku may be intermediate between the two 
types because the primary folding appears to have been strengthened 
by a later movement and at the same time high angle thrusting has 
taken place among the anticlines and synclines. 

The rocks and formations may be further consolidated by regional 
metamorphism, but the terrain may not be completely solidified until 
it is granitized. In other words, the oronization, that is, the con- 
solidation and stabilization of a terrain can be subdivided into three 
major grades—the deformed, metamorphosed and granitized grades. 

It is a remarkable fact that the Koreo-Chinese Heterogen was 
largely oronized by the batholithic invasion of granitic magma in the 
late Mesozoic period. Because Korea and South Manchuria were 
granitized almost completely, the subsequent development was without 
regard to the previous tectonic lineament. Growth of the Korean 
peninsula since the latter part of the granitization truncates the 
Heinan and Yokusen zones almost at right angles. Such a discordance 
between the new and old tectonic element is comparable to that 
between the Caledonian mountains and the Gotkareliden in Europe or 
that between: the Appalachian mountains and the late Proterozoic 
folded zones in Labrador and other places in Laurentia. 


6. From Oronization to Anoronization. 


In looking through the various types of crustal deformations, it 
can generally be accepted that the thinner the blanket formation, the 
greater the influence of its basement upon the deformation of the blanket. 
The Yalu, Taitzuho and Heinan types reveal deformation respectively 
of thin, intermediate and thick blanket formations caused by the 
same orogeny. These are all compressive deformations and their 
characteristics have been already pointed out. 

The movements which have taken place in Koreo-Manchuria since 
the late Cretaceous period were mostly tension rather than compres- 
sion. I did not go very far in this paper along this trend of research, 
but there are significant types of movements as follows: 
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1) The Taihakusan dislocation zone in Central Korea. 

2) The Angaku and Chinchou faults. 

3) The Upheaval of the asymmetrical geanticline indicated by Roppyakusan peneplane 
in Central Korea. : 

4) Tilting of the Gaima plateau and its peripheral destruction by the Kankyo fault 
system. 


The first of the four is a zone of faults which are intimately 
related to the Bukkokuji igneous activity.* Although it is difficult to 
date the faulting, the Angaku and Chinchou faults are boundary faults 
of tilted blocks. They are both long and low-angled along which the 
neighbouring blocks slipped down. In these characteristics the dislo- 
cations are comparable with the sliding of the inner zone along the 
Median Tectonic Line in the Ichinokawa phase. 

The Kankyo system is represented by a series of parallel or 
subparallel faults and the upheaval of the Gaima plateau must have 
been related in some way with the effusion of basalts or alkaline 
rocks which occurred before as well as after the principal tilting and 
faulting. 

The geanticlinal upheaval of the Korean backbone appears un- 
related to either the faulting or the volcanism, but not completely 
so. It is cut diagonally by the Wonsan-Seoul rift valley which is 
filled with basalt flows. Furthermore the volcanic rocks are distributed 
from Mt. Hakuto or Paektu-san to Quelpart or Saishu island 
through Utsuryo isle, describing an outer circle of the Korean pe- 
ninsula. It is clearly seen in Korea that the granilization was followed 
by the culmination or Grossfaltung and volcanism of anorogenic type. 


* See Geological Map II in “Geology of South Korea etc.”, 1953. 
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I List of Localities in Manchuria. 


Chinese Pronounciation is followed by Chinese character; non-Chinese name or 
pronounciation written in italics. A few terms are not place names in Manchuria. 
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Yelt Chih) Pics accks cisiostectvecateenetes WHEL 
Yellow sea, Hwanghai ....c.ccccecesecsoees Hie 
NGM CHA 1 frecdesinvcreeesens crud eee ree ARE 
Men chia: Pao stZtlpwaniacaswocnvecet eas Bese 
Vier Palin. secs. cslatacenudcann san eeeeeenaenes eee ae 
Wits Chia VAM escen tcsneeesteareeen eee FB LL 
Vine chiena 620i oye. .ncecneprecemecact Sif 
Ving ke sShibrives.csssossmamewenseete. Seeetee Teg 
YAS MRO lice hese cca lesen cesedecwen eee eee aa 
YAH S Bplay: Poxdens ven eck cecchenepecse eee AES Hs 
Yuantehiavkou x ssckvsccesceteocreeeeaeeeee AAR iy 
Viiehiaet7iin' 2.0.20 505 sacenennenneeee ates AR LL 
Yi) ho Yuaho:... Sats cee. ween WW yay 
Vung ani al, oc Fenn eeeheecenteecumees eee IK BeeE 
Wear ida eect een venient ee tee rece mee es 
Mun Wate shares accuse meee sere eee eel 
YAISSHAN neseia cieagah screen Gereehtacceuseeee eee Ssau 
Mlipsht Ghiman’ s.ctsccheemiem ten pete Fh) || 


II. List of Localities in Korea. 


Locality name in Chinese character is preceded by its Korean 
pronounciation and followed by Japanese pronounciation. 


Ami-san (MEW) «on ..-0sca-enaccenseree de Gabisan 
Ammnok-kang (FSR) «..:......00ec0eee Oryokko 
Angone-ni CARE). usscccssces-edeseeees Anseiri 
Anju-kun (Zé) BB)..........ccceeeeeese Anshugun 
TIN AAAS) eanccennes caoscersee enter tore Angaku 
Ansim-ny6ng (Za0)94) ......00.see0es Anshinrei 
NPA L (oY McA Ve ose cvalucsincecee hetes oe Ahari 
Chaeryong-gang (#@87T) oo... Saineiko 
Chvaesok-san CEEG[L) <..2:.0.0..0050 Saisekizan 
ChaetOk-san (EL) ............00- Zaitokusan 
Ch’ail-bong Ge HIB)..........0000008 Shajitsuho 
Chakch’ol-li, C$E)1|BL) .c..0.tscs0stessee Jakusenri 
Cihano= DOO (ea) a adacha season eae Shoho 
Chivamn oinie (Ger Ee.) sa eccace conta tereenec aeebentees Sori 
Changnim~ GE PA). cchsscacosuscsvacessteses Chorin 
Ghangyon. Gi) 2 Ssscsncse sscnonceescen Choen 
Changsu-san (223[1])...........000000 Chojusan 
Chasong-gang (S2gWYL)  .....ceccsdeoveee Jijoko 
Chie-bong (PEAS). csececesacdeseoececceonees Taiho 
CitkehiyOr' (CPi)! <-cec-eonenvenecersms Chokuken 
Ch’ilbong-san (ElK[L)) ............ Shichihozan 
Chrilbo-san (Cees) e:...cesesccune Shichihosan 
Choiddk-san (#4 —#2|1]) ....6.... Sonitokusan 
CHOle WOM (GUE) wavanceohaseosadsere see Tetsugen 
Choéngbang-san ({EFjIL])...........066 Seihozan 
Ch’ongch’6n-gang (7 JIYL)........-... Seisenko 
Chéngju-dong (EM)... ee. Seishudo 
Ch’6ngsoktu (FPA HA) ....... ee eeeee eee Seisekito 
Ch’6ngsOng-jin (7 WHB)...... eee Seijochin 
Givernig-san (Ge Elli) cee-ceeeseen oes Tenchuzan 
Ch’6nsong-ni (Fee ) c.ncsescnenseeses Tenseiri 
@lvosSan UCAS), ow sasevennnsemett somes seers Sosan 
Ch’uchOng-ni (FIFE) .....0..s.0nerene- Shuseiri 
Ch’udang-ni CHK) Fe or sorter ages Shutori 
Chiingbong-san (@9 26/1) ...........eee Sohosan 
Ghwngseans CRAY) oensdectacneemoassotees Chuko 
Chunggang-jin (FAYE) ............ Chukochin 


Chunghwa (HAAN). .<.ceecdeaWendenacsooneds Chuwa 


Chungman-gang (rByiyyE) ......... Chumanko 
Chuom:san (Gree )eheeacwreenneseete Shugansan 
Chuyomjong (422822), .......se.c0e0s Shusentei 
Maeyty sie il) Sacmentsastivasteeeneeeecee mere Kaishu 
i lesantearayovean Gi) IDE manne ancl ngpssroccoorse Kankyo 
Hanbong-san (S225[L]) ........s0026-. Kanposan 
Hanjon-dong (fAFAYA)) .........0... Kandendo 
HoeOm-san (i PRL}) ..........ceceeeee Kaigansan 
Holegol \(Ay iil) saeconcese tees reese Kotsudo 
Pong Chonda (AN) is yi estes. tga mearene sere Koten 
| ahbrelaltsnel-ann GG =I) \m ser itn arn Rederonoenapciits: Kosho 
Biakikey 0 (GE nach vconcteneene etesen eee Kokukyo 
Hwanghae-do (itjfgifl).......-.-..0..0- Kokaido 
Hwang jim Geach). .cesusteeteteteane teens Koshu 
Hivap yong (Ghlgee)easieccoteeeeeteen eee Wahyo 
Hyangp’ung-san (A$Hiljl])............... Kofusan 
Pyangsu-ni. (Cae iecace pare teeeseeeet Kosuiri 
Hyesanjin (BABB) ...........2c00es- Keizanchin 
HyOngje-san (yl S[L])..........ceceeees Keiteisan 
Hy6ngmyong-san (x<H4[L)......... Genmeisan 
ICG} (0391 @ 2a) eeneeeeeerrs Berean eecendaceecoccoc Isen 
Inchon Gpnad)) ccasonoseeanes-aeeeten eee Rinson 
Keech’ on aCirilip) cesscsansseeeneveseeeeamees Kaisen 
Kaeniar (eis) a rdsscanstedectesnccnesuseesteee Gaima 
Kambuk-san (S¢s6 [ll c...-.-.c0n see Kinpokusan 
Kangeye (Gilg) swe snmacssanwaccesieen ences Kokai 
RAnNe-imyOn (Vs) «aenweeneeteencreee Komen 
Kangnama (gif)? sceccatieotuareek sence Konan 
Kianeso “(aba cessive. eccnne coneecn cases neat Kosai 
Kangtong-kun) Gi Figs) J-cp-seseeee ene Kotogun 
aiyim-sary (QE ees. sacceeaeeaee ner Koshinzan 
SHU ACE IN) meals aus beneees saccneSeeen eee Kishu 
Lei gah yoae (E210 ee pepperppbociccacadedsocoaccoc: Giyo 
Kobang-san. (ey Hill)! ws.csccsessorenene Kobosan 
OFA 0 GEA in csiacideMoaines senate aventnters Kojo 
Io jONng-mil -(ej-Se El). eae roesncs ones Koteiri 
Kojong-san (S21) ......cseceeceeee Koteisan 
Oly Or Ce ANES) cevtastaavsecoscotonteetes Kokuri 
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IGWOnW GERI) seceeccuteescasaiecsiesensaners Kogen 
Koyong-san (jj He[L]) «.......0..2e0000 Koreisan 
Kuhy6n-ch’i (/igeieg) oes eee Kukenji 
EGUMICH EN (42255) ceivereece cee ee we een mes eee Kinsai 
SACUmACH ON! 1 C4x)\[Dlsmerciesenererceheceseesern Kinsen 
Ktimgang-san (4-/illl[L]) ..........----- Kongozan 
Ktimilwa) (G(s eee .ccesessmeentesences Kinkwa 
Emsong (Gein ees. esnene ceecenmee scree Kinjo 
Ketimonin (Gite) a.nccsaanecesosemerece ses Kurori 
Kuryong-my6n (JL) «..... Kyuryumen 
IGSAMR GUM) waco ven ssnecs enol een ce lana Kyuzan 
iwanameni (Ga th) sence wern ere Kanganri 
EGQyichtollin Gee) Mescaceseeneceeeadse Kisenri 
Kay entra (GaP N) csccececeenecdeeemaeeces coer Keirin 
KeyomispO (Seer)! aecsomcectinew etapa Kenjiho 
ICVONESUMCHUAS)) w.ceetnesteennectresee ecaees Keiki 
ESvone Sone. (CHU) uccecac tame meee eee Keijo 
Majol-lyong (fii H44it)...........ceceeee Madenrei 
Mandal-san (AGj2|1]) ............06 Bantatsusan 
Manin: bone (Ei {= 28) i ets.ceaeeceees eo Banjinho 
Manp’o-jin (#yyHEe)  ..........0600- Manpochin 
Masameni CS [NE )edesvessweesacoseseiee Masanri 
Muhak-san (SEE[L)) 0.0.0... cece Bukakusan 
(iiebare’ aitoyay (Covell) ermine ponpapooncnssanca sce Bunsen 
Mundok-tong (2c ##ifiJ) ............ Buntokudo 
IMinroyone) (fails) sccecscateas ueeeesenene Bunkei 
IMun=hyonn(GAcliG)? <.sscscemeeneeearee eee Bunken 
IMitinwoleti (cya Ha) a. ssecsaceuneeedeeee Bungenri 
IM RYoserere above (IETIND Rs son optannsencesencass+ Meisen 
INASCI ANS Gea consestonseec cate oneeee ese Naiso 
INialetiari ge  CBSE 9) sashsastsuiovs ote ememmeoert Rakuro 
IN Evo n¥ ere avede. (10290010) Wet ena annenanananbencucsnecdbs Nanko 
Nambhach’ang (ff &)........0-.-0+20+- Nankaso 
Nam-myOn (pajfi}) .........sccceeeeeeeeeee Nanmen 
UNamgminas GN) esseve. cates cendeeee se teeee Rorin 
Nodong-ni (jHyA)EL).............0.ceeeeeeee Rodori 
IN OE VITA CANIN Viste semen anaee a ocaeaneaBascer Roko 
INGsOnp=ni (CASE) ec eccpeecaeeee eee Roseiri 
Obongenis (Gi), eee eee Gohori 
Ohwardong GEA) o..s.caternne Gokwado 
Oi elattojel MGESIIND). Gon sonpoheeesewaoonce cance Yokusen 
Okka-bong (=E3WIE) oo... .ceeeees Gyokukaho 
Oku-hyon) (2R)).c.0-..ceeemere ree Gyokuken 
Onjin-san (Gz AD eS pst otooen Genshinzan 
Ofyong-san (7 vali). eeeeeeeeeeeee Goryusan 
Pachang-ni (HEIR IA)... eeeeeeee ees Hachori 
Paeksam-bong (H#=2) ............ Hakusanbo 


Paekt’o-dong ({-E]A)) «-..--.seeeeee Hakudodo 
Paektucsam (CEIBAI) eensssseosereseeae Hakutosan 
Pirang-dong (ARYA) ........eceeeeeeeeeee Hirodo 
Piryu-gang C(WBUATIL)  ....--seeeenees Futsuryuko 
Pisok-tong (HEYA) .....2.0ceeosecees Haisekido 
P’onam-ni (JAPA) ........-.eeeeeseeeee Honanri 
Pongmy6ng-ni (JBI HL)... eee Homeiri 
Pongnae=nt (aR) tieecceecnnee nets os Horairi 
Pongsan CR ceeecceoerce dese teas ensenene Hozan 
Pongeu-ni’ (CEH) science ieee oes Hoyuri 
Posan' 12g IN) cecsecacesananaeoeees apo temuearee Hosan 
Puhting-dong (jy HA) .....-.. eee ee Fukodo 
Pukching(GUHE): Scecccechameceenrsenees Hokuchin 
Pulguikesay (ped) eee cnaceseeeeenee Bukkokuji 
Pungentl (SG) sitcecccssdeeeseceen oteoeee Hokuri 
240005 v0 cpa 8 onapeeeancen coca panesaaancSosSabe Fugan 
Pyoga-san. (esti) mecccc..seeeeeee Hyokasan 
Pyolsim-ni (ase) ciseace ce pene sates Bekkinri 
P’yongan. "C242 22) siz, vakeecesheec one etter Heian 
P’yOngan-namdo (4° 4pfj8)...... Heiannando 
Piyonebuk’ (ZEaI ) e-sssceansncamenn: ste Heihoku 
Pryongch’ang? (4a) i s.ccetses eames Heisho 
DeeAiconmtedeg2y oo (C2 8)370) bs 98 seamen dndins oho Anaoe Heiko 
Pyongnam (Ey) Ooccustovcetoreenn ate Heinan 
Py6ngp’ung-san (fPiG[l]) ............ Heifusan 
Piyongsan. (2S Pl) sees. bocceteeeor eaten Heisan 
Pyongwon (ER) eee. eee Heigen 
Eyongyang | (Cpse) oic..-co: ce eee eae eee Heijo 
Sadone Gye rac ccace ge cocteeon ee ee Jido 
Pacdong-mM Or = (jes) weeeeseon cree see Shidogu 
Sado-san (VUSEIE))  ..c.cccceseveceseveee Shidosan 
Sainjane® (Sf BB) vcwscvsevcercsedecuen Shajinjo 
Sakktim-ni (JHE H) ......cececseceeeceed Sakkinri 
Samehiols (=) ieeaeese eee eee Sanchoku 
Samch’Gn-ni ($8)||HL) ............00008. Sansenri 
Samadting\(= 5.) c.5. career eee Santo 
Samsang-dong (=f) ............0.. Sanshodo 
SangwoOn: (ileal) xc.neee een eee Shogen 
Sariwomy Gis Gs) sence soem ee crc weer Shariin 
ROTI D Si) WR NEM 56 By dcx scene ccm: Shiragi 
Sinch ang (Gare )iamescen eros ene ee Shinso 
SinjusCe io soncawence eee eee Shinshu 
Sinma-dong (7ffifijli])............00..0. Shinmado 
Sinmmake (Gay 7s) ncce ve eee ee Shinmaku 
SinSagn- mi (op HY oe eee ee Shinsanri 
Sintiiju’ Cosel)... Lainie Shingishu 


Sinmak-dong ($7-RRil)) ............ Shinmakudo 
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Sipijup-san (--HRIL]) o.oo . Junishusan 
Sobuk-dong (/J\Jbjf]) ............. Shohokudo 
SOMUI- Mie (pu AE) acc .saceseeeree sea ccees ee Seikiri 
SONA=M 1 i CuO ean. ee Shokari 
SOhiing-gang (HFT) oo... eee Zuikoko 
SOLON Se GHNIE:). staat eae taeereessee ceeeees Shoho 
Solhwa-san (277E[L)............... Setsukwasan 
sslovekero) oWorey (ORGID) AccgnemeeBereaccccccoccuace Seisen 
Songhak-san (AGL) oe... Shokakusan 
Songhyang-ni (PAPAL)... eee Shokori 
Songnim-ni (#APKEL)..0. eee eee cece Shorinri 
DON SONE (PEI) wccans sosuecunson ewe Senkan 
SULEIOM C2523) ie coc oe ee ORE RERM OMIT! Socio che Suian 
SUE: (Cz. eae eee me Suinyu 
STE elsWohah (G3) Pee onene cena soncate: Shukusen 
Sublavelet ove) (GIEUMMD): ceothbamsenecnconcceereroce Junsen 
S’unga-san (221GR[1]) ........0.c0eseeeenee Sugasan 
phaebaelesang (OG=4)'l| ).eameteesenee Taihakusan 
aebo-myon GRE]! a.c.c0sseceeees Taihomen 
Maedal=lirG ew ): 2... .000.00ssdeeae Daitatsuri 
diaedone-sang GRAIL.) ..vdsscoutaoween Daidoko 
paca WONMGA Tce) snoscthenses dogo saee Taishiin 
TaeryOng-dong (KApili)) ........... 200 Taireido 
sBaesonegim(G ciate). ..scAteereeeet ete Daijoshi 
Haesongent, (GREG)! veccussenncnostecsers Taiseiri 
pLAacsOng-nini(GRES HL) Wacioa sence eataeee Taiseiri 
Taesong-zan (GABE) 220. un eseeece ens Taiseizan 
ANOHG NAL (GSMIED)) Wan serentonnereancecancas sec scascc Toji 
Modu-sane (CANSH (ll) nccer once sere Totosan 
AOR sKcotay (COPIED) mancoodeeceraaretecaseccecis6 a6 Token 
pokchacm Gf \i smear. eostacnsemaasiuaseere Tokuzai 
PRORE DOC lill|) ao ccnaacnesteasetadestee Tokusen 
Moksamul Geely foncastestaseoaeeceaeeetes Tokusan 
Ong CiavOne Gra lil))!* c-aosespeueeaene sere Tsusen 


Tongjin-my6n (Fez) ............ Toshinmen 


Aor eeeiestoy a(t A a. 2 aelicereeonen conn Tokugu 
Tiesal=ly x Grails) Avseee cc cco scores Tosanri 
Tuman-gang (GYHyYL)  .........0..0ee Tomanko 
LUTE. een | 6 Senet gee Gishu 
Ullyong (GRRE ee aan eee: Ginryu 
Unbong-ni (Gee ) ..cactanestaancdasr ene Unpori 
Unch’ol-li (ERR): AR. eae Insenri 
Unjale: (pth) ian, oo eens, Ginseki 
Unsan GERYULID . Secwstiaists tbat eres ee eee Inzan 
Unyong-ni (Gah) osscsearoeceneecpeees Unryuri 
AVR ree Ol) Geana snare seg anon ccnoanoaconcn Igen 
IWionsarik Gl) ccsossodeeaceon cece Genzan 
Wont’ong-ni (GCE) ......seceeeeee Gentokuri 
Vang doluG ie) icccosactanscenee aaa Yotoku 
Mesong-Cange (ney) eecareres ce merae se Reiseiko 
NO FCUE GRIN ic. teosnmenaes eeeeaeeeensuseaneeere Rishu 
YOndae-dong (JHZEifi]) ..............000- Endaido 
Yondu-bong Grewia). ecceeeneeceemecee Entoho 
Yongbong-ni (HERE) «.........--.0002 Ryuhori 
Yongch’ol-li (GGe)i |) s-ace cca eceeeeeese Eisenri 
Yongdae=ni (HE7A 1H) ...c.csneene seems Reiyari 
sian Giulia) -. SPR EER EPA a nse ootictiodaa Ryudo 
Vongjong (HEF —) orescs.eeeneye ose teers Ryusei 
YOngp’ung-ch’6n (FBI [)  ...... eee Eihosen 
Yongsan-myOn (i[Lfi})............ Ryusanmen 
YOngt’ae-san (#222|1]) ..........2000- Reidaisan 
Wong wont te) ...ccpsccsestweceeneseeeneeae Neien 
VGnil CHEM) Accessed za nee teat eee Ennichi 
Yuhwa-dong (jfi#llyli]) ..........-..eeeee .. Yuwado 
Yukpaek-san (GVE[L)...........- Roppyakusan 
YukyongeClge) seanerscrsssscsceoneereatces Ryukyo 
NUlay (BERS). vcces socsccueeeteeseaees Ritsura 


Ill. List of Localities in Korea. 


Locality name in Chinese character is preceded by its Japanese 
pronounciation and followed by Korean pronounciation. 


UNV aT {CURLED Iegeemancetas andacbodsoo03a%4 Ap’a-ri 
An Gate (ZobS) cs .cecey sedseacencesennemen ss Annak 
AnSeirt (Ze)... cccssecesnceneccvere Anjong-ni 
Anshinrei (22,()48) ........00000+ Ansim-ny6ng 
Anshugun (Zé) Bib) .......ceeeeeeeeeeeee Anju-kun 
Banjinko) (ei (= 2) «we.seseescee aoe Maninbong 
Bantatsusan (Afijze[L]) ........---2.6 Mandal-san 
Bekicimrt (CA) 32 5h) 2. .hes daccen ce une Pydlgitin-ni 
Bukakusan ($¢#8[L))........-.-20.0.0% Muhak-san 
Bukkokuji (Bis) «.....0.c0s0s-000 Pulguk-sa 
1 BD Tavezer aban af Ce) Heck) Re gdeeesedecBeuaaoncee Munw6l-li 
Banker (ial ense-aesesete pecans Mun’gyong 
Ipakeny (ch) ears cesusdeuaeceeerene aes Mun-hy6n 
Bansend CsCl] acc eae ctee ons seomeeeeoe Munch’6n 
Buntokndo (2c fiji]).............. Mund6n-tong 
Choen: CEH) c.scmascsceato-eseeerones Changy6on 
Chojusan (2331 1]).............0000 Changsu-san 
Chokukeni((GR) .<:0.e:5e00. 5. eee: Chik-hy6n 
Chorin GSI) divs ..55.0seansedecse acne Changnim 
(Cini Oa Gis Mat hae ceeesepR cree se ah aocna: Ch’ung-gang 
Chukochin (FaYC#B) ......0.... Chunggang-jin 
Chumanko (rHiffyl) ......... Chungman-gang 
Chas CEB AW) i se coeicindvonciucectee see Chunghwa 
Daidokor(Gepivn) gi.csancedees Taedong-gang 
Dan OSs (ROBE) wastenocnsecone seen Taesongji 
Wairarsurin (sss 2w) eee canteens Taedal-li 
Eibosen (GE II) macceenceve YoOngp’ung-ch’6n 
Wiser (Ae IED) mecnec tecoascteeeeee Yongch’ol-li 
TUEICHIS (IEE) he ccmaaatssenes conan erecta Yonil 
Entoho GRCBEYA))) .<..00.-0..0.6+--00-- YOndu-bong 
Busan (Geis) merretenn sccm nena eee Puém 
Bukodos( Si Bwiih)) voces. ss cseecees: Puhting-dong 
Futsuryuko (iif)... Piryu-gang 
Gabisan=Ciealallll) sean ea eeeeeeteee re Ami-san 
(armnay (Cee Hos) etoen ees eee eee ee Kaema 
Genmeizan (¢1)][1]) 2.0.0... Hy6ongmyong-san 
Genshinzan 1 (Geez ilies eateneeeenee Onjin-san 
Gentokuri (G08) ciececssees-es Wont’ong-ni 


Giniryit (3H sew anene eee oeraereeeeee es Ullyong 
Genzank(oalli). ccccasu-vocsecemrene eee Wonsan 
Gissekh: (GABE) occsccacacsvasdeee one ere Unjdk 
Gish CBE) acces cvvsnnasenanevashieeenaetate Uiju 
GVO AULA «enous aera ceo cusverseeasereeeee Kiyang 
Gohorit Gales) ccciseasacanasentoseeces Obong-ni 
Gokwwado. Cis G IA) see-snnenacesenieee Ohwa-dong 
Gopyusan® (ABELLD) conaseunreeneosees Oryong-san 
Gyokukaho (a3) ..........00.. Okka-bong 
Gyokuken. (Gein. asecewectsneetee Oku-hy6n 
HHachori (Gye) Goacsoen-enesteece P’achang-ni 
Haisekido (fBGifA)) ...........2.-0ee Pisdk-tong 
Hakudodo ({-EyAD) ............-.- Paekt’o-dong 
Hakusanbo (=i) ............ Paeksam-bong 
Hakutosan, ((E] HA) L)) .2....ceseereeeee Paektu-san 
Heian (CSE) ssec cheeses -qaneerecr oat P’yongan 
Heian-nando (42 4ép7j8) ...P’yO6ngan-namdo 
Heifusan (FIM) .......0.... Pyéngp’ung-san 
Heiven, (ZSR)) eascsdoaden coeseeeeeees P’yongw6n 
HHethoku. (BAG) <. crsscccacce uote P’yongbuk 
Heiko : (GRRE) | cosseeaneeuseese cere P’yonggang 
EICIOU CBIR.) ce cocouuorie cheer ememtece P’y6ngyang 
ELeIr a CSG) pov stecusisncniecs eee ome P’yongnam 
Peshoa (2S B)) occgensose weer P’yongch’ang 
Fleimat (EM \rcarasecsniakasenseseetem P’yongsan 
laihgors Coe (St) Oi) oman nec sana: Pirang-dong 
PORE Ta Ce EEY) ees eee once ae nee eee Pung-ni 
Hokqichime (GE We) ) ne nace sreeeeeeeee: Pukchin 
Homeiri- (RUE YY Sacccecevccseee Pongmy6ng-ni 
Honanri (Qa psec eee cee P’onam-ni 
Horas AGEt) ca nesecces repereeeee Pongnae-ni 
ELOSan Nga Ll) peacncuccccco eee moseereeerenee Posan 
Lis Konig bh KG) ils Ee) Jeena eee oD Ue a Pongsu-ni 
HO Zany (CIR) os sectsae ce see eamene ceeres Pongsan 
Hyokasan (SSBF) .......eecesseseee P’yoga-san 
Fen RIE) ws.oeeswcanecta ene ee Wiw6n 
Inzan CB aN Aicicyian Suid de cech eee ee ce Meee Unsan 
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TSH CEM cotnessseowsceeeqcteereceetereosdaees Ich’6n 
Jakusenri (28)!|L) .........:ceeee Chakch’6l-li 
Pom (=a) a waoceccccnastecsecknn tee eee Sadong 
Jijokoko (44) ......... Chaséng-ganggu 
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